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FACILITATWE  EFFECTS  ON  PERFORMANCE  FOLLOWING  MEODIFICATION 

OF  CIRCADIAN  RHYTHMS 

Introduction 

The  research  presented  here  focuses  on  interventions  used  to  reduce  degradations  in  alertness 
and  performance  across  a  48-hr  period  ot  sleep  deprivation.  Specifically,  the  paper  describes  a 
series  of  studies  dealing  with  the  etfects  ot  bright  light,  nonsteroidal  anti-inflammatory  drugs 
(NS  AIDs),  caffeine  and  the  simultaneous  administration  of  bright  light  and  caffeine  on  circadian 
rhythms  (melatonin  and  temperature)  and  behavior  (alertness,  cognition,  and  performance). 

Maintaining  nighttime  alertness  and  high  levels  ot  performance  are  vital  for  some 
occupations,  and  especially  so  tor  individuals  working  out  of  phase  with  their  circadian  rhythms, 
i.e..  working  when  thev  normally  w'ouid  be  sleeping.  The  latter  includes  military  operations 
personnel  during  sustained  or  continuous  operations  and  shift  workers  in  general.  During  the 
early  morning  hours  (0200-0600  hr),  performance  and  alertness  are  at  their  lowest  level 
(Colquhoun.  1981;  Smith.  1992).  The  trough  in  alertness  and  performance  is  negatively  related 
to  the  circadian  rhythm  of  the  hormone  melatonin  and  positively  related  to  the  rhythm  of  body 
temperature.  When  melatonin  is  high  and  body  temperature  low.  alertness  and  performance  are  at 
their  minimum  levels.  Treatments  (e.g.,  exposure  to  bright  light)  which  decrease  melatonin  and 
attenuate  the  nighttime  decrease  in  temperature  improve  alertness  and  performance  (e.g.,  Badia. 
1991).  The  treatments  used  in  the  current  report  were  selected  on  the  basis  ot  both  experimental 
evidence  and  theoretical  considerations  relating  to  the  effects  that  body  temperature  and 
nighttime  melatonin  levels  have  on  alertness,  cognition,  and  performance.  Exposure  to  nighttime 
bright  light  is  known  to  suppress  melatonin  production  and  attenuate  the  drop  in  body 
temperature.  Based  upon  theoretical  considerations,  we  hypothesized  that  ingestion  ot  NSAIDs 
or  caffeine  would  have  similar  etfects. 
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The  results  are  reported  in  two  pans  ( Experiments  1  and  2).  The  nrst  pan  tocuses  on  the 
effects  of  nighttime  bright  light  exposure  and  the  ingestion  of  NSAIDs  on  alertness, 
performance,  melatonin  and  temperature  during  48-hrs  of  sleep  deprivation.  The  second  part  of 
the  report  focuses  on  the  effects  that  nighttime  bright  light  exposure  and  the  ingestion  of  caffeine 
have  on  the  same  measures  under  the  same  conditions. 

Method 

Participants 

Research  participants  (N  =  180)  were  male  graduate  and  under- graduate  students  between 
the  ages  of  18  and  28.  enrolled  at  Bowling  Green  State  University.  A  total  of  80  individuals 
participated  in  Experiments  1  and  2  of  this  report.  The  remaining  subjects  participated  in  pilot 

work  presented  in  Appendix  A.  B.  C  and  D. 

Subjects  were  rigorously  screened  prior  to  participation  in  the  study.  Only  subjects  free 
of  significant  medical  and  psychological  conditions,  having  a  regular  sleep/  wake  cycle,  not  using 
nicotine  or  medications  but  regular  users  of  caffeine  ( dO-200  mg  per  day)  were  tested.  In 
addition,  subjects  were  restricted  from  drug  use  prior  to  participation  (including  caffeine,  alcohol 
and  non-prescribed  drugs).  Subjects  were  required  to  complete  several  forms  prior  to 
participation.  After  giving  informed  consent,  subjects  provided  their  medical  history,  rest  activity 
schedule,  food  and  chemical  sensitivities  and  demographics.  Subjects  were  paid  $1-0  for 
completing  the  study.  Those  subjects  who  retired  from  the  study  early  were  paid  on  a  prorated 
basis.  See  Appendix  E  for  further  details  of  subject  characteristics  and  method. 


2 


Dependent  Measures 


Salivary  melatonin  was  sampled  every  60  min  throughout  Experiment  1  and  every  60  min 
during  the  nighttime  hours  (2000-0800  hr)  during  Experiment  2.  Melatonin  content  in  saliva  was 
measured  by  radio  immunoassay  (Elias,  usa.  Osceola.  WI.  USA).  Tympanic  temperature  (  First 
Temp"  -  Intelligent  Medical  Systems.  Carlsbad.  CA.  USA)  was  recorded  in  °C  every  60  min. 
Alertness  and  performance  were  assessed  every  3  hr  during  the  nighttime  (i.e..  2100-0900  hr  for 
Experiment  1  and  2000-0800  hr  for  Expenment  2).  Alertness  measures  included  the  Maintenance 
of  Wakefulness  Test  (Miltner  et  al..  1982).  Stanford  Sleepiness  Scale  (Hoddes  et  al.,  1973),  and 
spectral  analysis  of  the  EEG.  Performance  was  assessed  using  tasks  from  the  Walter  Reed 
Assessment  Battery  (Thome  et  al..  1985),  the  United  Tri-service  Performance  Assessment 
Battery  (UTCPAB  -  Thome  et  al..  1990)  as  well  as  tasks  developed  by  our  lab  and  others  (e.g., 
Dinges.  et  al..  1993.  1994).  For  a  complete  listing  of  performance  tasks  used  see  Appendix  F. 
Procedure 

The  testing  session  began  at  2030  hr  Thursday  and  continued  until  10j0  hr  Sunday.  After 
sleeping  from  0030-1030  hr  on  Thursday  night,  the  participants  remained  awake  tor  48  hr. 

During  this  48-hr  period,  a  constant  routine  was  enforced  with  no  time  cues  being  provided  to  the 
participants.  Subjects  remained  seated  throughout  the  experiment.  Exposure  to  nighttime  bright 
light  (>  2.500  lux)  occurred  from  2100  to  0900  hr  l  Experiment  1 )  and  from  2000  to  0800  hr 
(Experiment  2).  Otherwise,  subjects  were  exposed  to  dim  light  (<100  lux).  Administration  of 
NSAIDs.  caffeine,  or  placebo  was  double  blind  and  occurred  at  2100  and  0300  hr  (Expenment  l) 
and  2000  and  0200  hr  (Experiment  2)  each  night. 
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Design  -  Experiment  1 

A  mixed  design  utilizing  four  different  combinations  ot  bright  light  (>2,500  lux),  dim  light 
(<100  lux),  NSAID  (400  mg  ibuprofen),  and  placebo  (400  mg  sugar)  was  used.  The 
combinations  were:  (ai  bright  light  on  Night  1  (2100-0900  hr)  followed  by  bright  light  on  Night 
2  (2100-0900  hr)  (BLN1/BLN2:  n=10);  (b)  dim  light  on  Night  1  followed  by  dim  light  on  Night 
2  (DLN1/DLN2:  n=10):  (c)  bright  light  on  Night  1  (2100-0900  hr)  followed  by  dim  light  on 
Night  2  (BLN1/DLN2:  n=10);  and  (d)  NSAID  on  Night  1  followed  by  NSAID  on  Night  2 
(NSN1/NSN2:  n=10). 

Design  -  Experiment  2 

A  mixed  design  utilizing  four  treatment  conditions:  dim-light  placebo  (<100  lux  plus  placebo 
(200  mg  sugar);  n=10).  bright-light  plus  placebo  (>  2.500  lux/200  mg  sugar;  n=10),  dim-  light 
plus  caffeine  (<100  lux/200  mg  caffeine;  n=10),  and  bright-light  plus  caffeine  (>  2.500  lux/200 
mg  caffeine:  n=10)  was  used. 

Results 

Experiment  1 :  Bright  Light  and  NSAIDs  Effects 
We  present  first  the  effects  of  bright  light  and  NSAIDs  administration  on  the  physiological 
measures  of  melatonin  and  temperature.  This  section  is  followed  by  a  section  describing  the 
effects  of  these  treatmentskon  the  behavioral  measures  of  alertness,  cognition.. and  performance. 

Hypothesis  1 :  Treatment  Effects  on  Circadian  Rhythms  (Melatonin  and  Temperature) 

Hypothesis  la 

Hypothesis.  Exposure  to  bright  light  stimulation  during  the  nocturnal  hours  ot  Nights  1  and  2 
will  suppress  melatonin  and  will  attenuate  the  decrease  in  Nighttime  temperature  relative  to 
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exposure  to  dim  light  stimulation.  A  related  hypothesis  was  that  these  effects  will  occur  in  a 
similar  manner  during  both  Nights  1  and  2. 

Rationale.  There  is  considerable  literature  indicating  that  bright  light  suppresses  melatonin 
(Lewv  et  al..  1980;  Myers  et  al..  1994)  and  enhances  temperature  (Badia  et  al..  1991;  Myers  et 
al.,  1994).  Nighttime  bnght  light  exposure  is  thought  to  suppress  melatonin  by  preventing 
noradrenergic  stimulation  of  beta-adrenergic  receptors  on  the  pineal  gland  (Reiter  1991).  It  is 
unknown  if  such  light-induced  effects  can  be  obtained  (a)  throughout  the  nighttime  hours  and  (b) 
across  consecutive  24-hr  periods.  Since  it  is  known  that  melatonin  can  be  suppressed  in 
nonhumans  throughout  the  noctumai  period  and  across  several  cycles  (Phillips  &  Berger.  1992) 
and  since  the  circadian  system  is  similar  across  species  (Wurtman  et  ah.  1968),  effects  similar  to 
those  obtained  in  nonhumans  were  predicted.  Preliminary  results  from  research  funded  by  this 
grant  showed  that  melatonin  and  temperature  levels  can  be  controlled  with  the  use  of  nighttime 
photic  stimulation  (Appendix  A  &  B).  In  the  latter  studies,  subjects  were  exposed  to  60  or  90  min 
alternating  blocks  of  bright  and  dim  light  using  either  stationary  light  sources  or  light  visors 
(which  allow  subjects  mobility  during  photic  stimulation).  Results  using  the  stationary  light 
boxes  indicated  that  while  under  bright  light,  melatonin  levels  decreased  and  temperature  levels 
increased,  whereas  under  dim  light,  melatonin  levels  increased  and  temperature  decreased. 
Results  using  the  light  visors  were  inconclusive  (Appendix  B). 

Results.  Visual  analysis  of  the  data  indicate  that  bright  light  suppressed  melatonin  and 
enhanced  temperature  relative  to  dim  light  (Figures  1-4).  Similar  results  were  obtained  on  both 
Night  1  and  Night  2.  Statistical  analyses  supported  these  observations.  In  each  bnght  light-dim 
light  comparison  (Nl:  BLN  1  /BLN2-DLN 1  /'DLN2;  Nl;  BLN1/DLN2-DLN1/DLN2;  N2: 

BLN  1  /BLN2-DLN 1  /DLN2),  either  a  significant  Condition  x  Time  interaction  or  a  significant 
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main  effect  of  Condition  was  obtained.  These  findings  were  obtained  tor  both  melatonin  and 
temperature  (see  Appendix  G  for  full  treatment  ot  statistical  results). 

Conclusion.  Bright  light  stimulation  on  Nights  1  and  2  suppressed  melatonin  and  enhanced 
temperature  throughout  the  nighttime  hours.  No  effect  of  Night  was  obtained  indicating  that 
nocturnal  exposure  to  bright  light  was  equally  effective  tor  both  Night  1  and  Night  2. 
Hypothesis  lb 

Hypothesis.  NSAID  administration  on  Nights  1  and  2  will  suppress  melatonin  and  attenuate 
the  nighttime  decrease  in  temperature  relative  to  placebo  administration.  A  related  hypothesis 
was  that  these  effects  will  occur  in  a  similar  manner  across  both  mghts. 

Rationale.  A  few  studies,  including  preliminary  work  funded  by  this  grant  have  shown  that 
NSAID  administration  suppresses  melatonin  (Murphy  et  al..  1993.  1994.  in  press;  Surrail  et  al., 
1988)  and  enhances  temperature  (Murphy  et  al..  1993.  1994;  Appendix  D).  These  experiments 
indicate  that  the  duration  of  such  effects  are  related  to  the  half  life  (typically  6  hr)  ot  the  NSAID 
tested  (Surrail  et  al..  1988).  However,  it  is  unknown  if  such  NSAID-induced  effects  can  be 
obtained  (a)  throughout  the  nighttime  hours  and  (b)  across  consecutive  24-hr  periods.  The  latter 
effects  appear  likely  since  NSAIDs  and  bright  light  appear  to  have  similar  effects  on 
melatonin/ temperature  and  may  achieve  these  effects  through  similar  mechanisms.  They  also 
appear  likely  since  bright  light  can  affect  the  two  measures  throughout  the  nocturnal  period  and 
across  several  cycles  in  nonhumans. 

Results.  Visual  analysis  of  the  data  suggest  differential  melatonin  and  temperature  results: 
Relative  to  a  placebo  condition.  NSAIDs  suppressed  melatonin  but  had  little  effect  on 
temperature.  Similar  results  were  obtained  on  both  Nights  1  and  2(Figures  5-6).  Statistical 
analyses  supported  these  observations.  A  significant  main  effect  ot  Condition  (NSN1/NSN2 
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DLN 1/DLN2)  was  found  for  melatonin  on  both  nights.  No  significant  ettects  were  found  for 
temperature  on  either  night.  In  addition,  the  melatonin  and  temperature  findings  were  very 
similar  on  both  nights  and  no  significant  effect  of  Night  was  obtained  (see  Appendix  G  for  full 
treatment  of  statistical  results). 

Conclusion.  The  admimstration  of  NSAIDs  was  equally  effective  in  suppressing  melatonin  on 
both  nights.  However.  NSAIDs  had  little  effect  on  temperature  during  either  night.  Given  the 
"tiaht  fit”  between  melatonin  and  temperature,  it  is  unclear  why  NSAIDs  affected  melatonin  but 
not  temperature. 

Hypothesis  lc 

Hypothesis.  Bright  light  stimulation  on  Night  1  will  reduce  the  circadian  amplitude  for 
melatonin  and  temperature  during  dim  light  stimulation  on  Night  2  relative  to  subjects  receiving 
dim  light  stimulation  on  both  nights.  Two  related  hypotheses  were  also  tested  (a)  bright  light 
stimulation  on  Night  1  will  reduce  the  circadian  amplitude  of  melatonin  and  temperature  during 
dim  light  stimulation  on  Night  2  to  an  extent  similar  to  that  induced  in  subjects  receiving  bright 
light  stimulation  on  both  mghts  and.  (b)  bright  light  stimulation  on  Night  1  will  not  affect  the 
circadian  phase  of  melatonin  and  temperature  during  dim  light  stimulation  on  Night  2  relative  to 
subjects  receiving  either  dim  or  bright  light  stimulation  on  both  nights. 

Rationale.  Photic  stimulation  affects  circadian  amplitude  with  diurnal  light  increasing 
amplitude  and  nocturnal  light  decreasing  amplitude  (Czeisler  et  al..  1992).  Photic  stimulation 
also  affects  circadian  phase  with  evening  light  delaying  phase  and  morning  light  advancing  phase 
(Czeisler  et  al..  1989).  Nighttime  exposure  to  bright  light  will  have  immediate  effects  on  Night  1 
suppressing  melatonin  and  temperature.  In  addition,  bright  light  exposure  on  Night  1  will  a 
have  delayed  circadian  effects  observed  under  dim  light  exposure  on  Night  2.  Specifically,  a 
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reduction  in  melatonin  and  temperature  amplitude  was  predicted  tor  both  Night  1  and  2.  Since 
both  evening  and  morning  light  was  used,  no  change  in  phase  was  predicted;  i.e.  phase  change 
should  cancel  out. 

Results.  Visual  analysis  of  the  melatonin  and  temperature  data  reveal  that  exposure  to  bright 
light  on  Night  1  reduced  amplitude  during  exposure  to  dim  light  on  Night  2  relative  to  exposure 
to  dim  light  on  both  nights  (Figures  7  and  8).  This  reduction  was  similar  to  that  obtained  under 
bright  light  on  Night  2  following  bright  light  on  Night  1 .  Some  ot  the  statistical  analyses 
supported  this  observation  while  others  did  not  (see  Appendix  G  tor  full  treatment  of  statistical 
results).  Evaluation  of  the  difference  score  data  tor  Night  2  indicated  that  tor  melatonin  the 
BLN1/DLN2  group  was  not  significantly  different  trom  the  DLN1/DLN2  group,  but  was 
different  from  the  BLN1/BLN2  group  and  that  for  temperature  the  BLN1/DLN2  group  was 
significantly  different  from  the  DLN1/DLN2  group  but  not  from  the  BLN1/BLN2  group. 
Evaluation  of  the  melatonin  and  temperature  data  for  delayed  circadian  effects  showed  neither 
amplitude  nor  phase  were  changed  under  dim  light  on  Night  2  following  bright  light  on  Night  1. 

Conclusion.  Bright  light  stimulation  on  Night  1  reduces  circadian  amplitude  during  dim  light 
stimulation  on  Night  2  to  an  extent  similar  to  that  induced  by  bright  light  stimulation  on  both 
nights.  These  results  confirm  that  exposure  to  nighttime  bright  light  has  immediate  effects  and 
also  delayed  circadian  effects  which  carryover  to  Night  2.  Bright  light  stimulation  during  the 
evening  and  early  morning  hours  on  Night  1  does  not  alter  circadian  phase  on  Night  -  (i.e.,  does 
not  result  in  a  phase  advance  or  phase  delay  ot  the  temperature  rhythm). 


8 


9 


Hypothesis  Id 

Hypothesis.  Circadian  rhythms  in  melatonin  and  temperature  measured  under  constant  dim 
light  (in  the  absence  of  masking  factors)  will  be  reliable  (i.e..  highly  correlated)  between  Night  1 
and  Night  2. 

Rationale.  Melatonin  and  temperature  are  common  measures  of  circadian  rhvthmicity  and 
these  measures  are  considered  stable  within  an  individual  across  multiple  mghts.  However,  this 
reliability  has  been  demonstrated  in  only  a  few  studies:  Only  two  studies  measuring  the 
melatonin  rhythm  (Arato  et  al..  1985:  Claustrat  et  al..  1986)  and  only  two  studies  measuring  the 
temperature  rhythm  (Aschoff  &  Wever.  1980:  Kleitman  &  Ramsaroop.  1948)  presented 
convincing  findings.  Because  the  present  study  measured  circadian  rhythms  under  constant 
conditions,  it  was  predicted  that  melatonin  and  temperature  would  be  reliable  across  Night  1  and 
2.  Preliminary  work  suggested  that  salivary  melatonin  was  reliable  during  short  term  periods  of 
sleep  deprivation  (see  Appendix  C). 

Results.  Tables  1-2  present  the  average  circadian  rhythm  scores  tor  the  melatonin  and 
temperature  data  on  Nights  1  and  2  in  the  DLN1/DLN2  condition.  The  correlation  between  the 
scores  obtained  on  Night  1  and  Night  2  are  also  shown  in  the  Tables.  High,  positive,  and 
significant  correlations  were  obtained  for  all  of  the  circadian  measures  for  melatonin  and  for  two 
of  three  circadian  measures  for  temperature.  The  amplitude  measure  for  temperature  was  not 
significantly  correlated  on  Nights  1  and  2  due  to  a  few  subjects  with  low  correlations. 

Conclusion.  As  hypothesized,  circadian  rhythms  in  melatonin  and  temperature  measured 
under  constant  dim  light  (in  the  absence  of  masking  factors)  were  reliable  (i.e..  highly  correlated) 
between  Night  1  and  Night  2. 
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Table  1 

Correlations  Between  Circadian  Rhvthm  Parameters  i  Amplitude.  Phase,  and  Meson  tor  Melatonin  Obtained  on 
Night  I  and  Those  Obtained  on  Night  2 


MELATONIN:  AMPLITUDE 

mean  (standard  error) 

Nl:  15.61  (2.70)  pg/mL 
N2:  20.97  (5.99)  pg'mL 

correlation  coefficient 
N1-N2:  -■-.67  (2<  05) 


MELATONIN:  PHASE 

mean  (standard  error ) 

Nl:  0534  (0.47)  hr 
N2:  0518  (0.55)  hr 

correlation  coefficient 
N1-N2:  -.95  (p<  .05) 


MELATONIN:  MESOR 

mean  (standard  error) 

Nl:  12.25  (2.34)  pg/mL 
N2:  13.23  (4.14)  pg-mL 

correlation  coefficient 

N1-N2:  -.91  (e<  .05) 
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Table  2 


1 1 


Correlations  Between  Circadian  Rhvthm  Parameters  (Amplitude.  Phase,  and  Meson  tor  Temperature  Obtained  on 
Night  1  and  Those  Obtained  on  Night  2. 


TEMPERATURE:  AMPLITUDE 

mea..  standard  error) 

Nl:  0.27  (0.03)  °C 
N2:  0.30  (0.02)  °C 

correlation  coefficient 
N1-N2:  -.11  (p>  .05) 


TEMPERATURE:  PHASE 

mean  (standard  error) 

Nl:  0545  (0.72)  hr 
N2:  0530  (0.28)  hr 

correlation  coefficient 
N1-N2:  -.81  (2  <  .05) 


TEMPERATURE:  MESOR 

mean  (standard  error) 

Nl:  37.12  (0.08)  °C 
N2:  37.14  (0.06)  °C 

correlation  coefficient 
NI-N2:  ^.94(2<.05) 
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Hypothesis  2i  Treatment  Effects  on  Behavior  (Alertness.  Cognition.  2nd  Performance} 

Hypothesis  2a 

Hypothesis.  Exposure  to  bright  light  stimulation  on  Nights  1  and  2  will  enhance  alertness  and 
performance  relative  to  exposure  to  dim  light  stimulation.  A  related  hypothesis  was  that  these 
effects  will  occur  in  a  similar  manner  across  consecutive  24-hr  periods. 

Rationale.  During  the  nighttime,  melatonin  increases  and  temperature  decreases.  These 
changes  are  associated  with  decreases  in  alertness  and  performance.  Bright  light  suppresses 
melatonin  and  enhances  temperature  and  should  therefore  increase  alertness  and  performance. 
These  effects  of  photic  stimulation  have  been  demonstrated  (Badia  et  ah,  1991),  however,  it  is 
unknown  if  such  light-induced  effects  can  be  obtained  (a)  throughout  the  nighttime  hours  and 
(b)  across  consecutive  24-hr  periods. 

Results.  Most  alertness  and  periormance  measures  exhibited  the  expected  Time-of-Night 
(worse  between  0200-0600  h  each  night)  and  Night  effects  (worse  performance  on  Night  2 
compared  to  Night  1  of  sleep  deprivation).  Bright  light  was  able  to  attenuate  these  changes  on 
some  measures  (Table  3).  For  example,  bright  light  significantly  decreased  relative  EEG  power 
in  the  theta  and  alpha  bands,  thus  indicating  higher  arousal,  and  bright  light  also  increased 
performance  on  the  dual  task  (control  losses)  and  continuous  recognition  task  (throughput) 
relative  to  dim  light  (see  Appendix  G  for  full  treatment  of  statistical  results). 

Conclusion.  Exposure  to  bright  light  stimulation  on  Nights  1  and  2.  in  general,  resulted  in 
enhanced  alertness  levels  and  pertormance  on  several  measures. 


13 


Table  3 


Percentage  of  Time  Performance  was  Better  Under  Treatment  Condition  tor  Experiment 


Bright  Light 

NSAIDS 

Dual  Task 

Throughput 

43 

29 

Control  Losses 

86 

86 

RMS 

100 

100 

Probed  Memorv  Recall 

< 

4  Correct 

j  j 

Continuous  Recognition  Task 

Accuracy 

13 

63 

Throughput 

100 

Reaction  Time 

75 

z  5 

Switching  Task  -  Mannequin 


Throughput 

13 

25 

Reaction  Time 

88 

100 

Switching  Task  -  Math  Processing 

63 

Throughput 

50 

Reaction  Time 

88 

63 

Procedural  Memory  -  Basic 

Throughput 

25 

Reaction  Time 

0 

12 

Procedural  Memory  -  Coded 

Throughput 

50 

u 

Reaction  Time 

25 

12 

Stanford  Sleepiness  Scale 

100 

88 

EEG  Theta 

88 

50 

Maintenance  of  Wakefulness  Test 

50 

13 

13 
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Hypothesis  2b 

Hypothesis,  Nonsteroidal  anti-inflammatory  drug  administration  on  Nights  1  and  2  will 
enhance  performance  and  alertness  relative  to  placebo  administration.  A  related  hypothesis  was 
that  these  effects  will  occur  in  a  similar  manner  across  consecutive  24-hr  periods. 

Rationale.  During  the  nighttime,  melatonin  increases  and  temperature  decreases.  These 
changes  are  associated  with  decreases  in  alertness  and  performance.  Nonsteroidal  anti¬ 
inflammatory  drugs  suppress  melatonin  and  enhance  temperature  and  should  therelore  increase 
alertness  and  performance.  Only  the  effects  of  NSAIDs  on  melatonin  and  temperature  have  been 
shown  previously  (Murphy  et  ah.  1993,  1994.  in  press).  Further,  it  is  unknown  if  such  NSAID- 
induced  effects  can  be  obtained  (a)  throughout  the  nighttime  hours  and  (b)  across  consecutive  24- 

hr  periods. 

Results.  All  alertness  and  most  performance  measures  exhibited  the  expected  Time-ot-Night 
(worse  between  0200-0600  h  each  night)  and  Night  effects  (worse  performance  on  Night  2 
compared  to  Night  1  of  sleep  deprivation).  While  NSAID  administration  appeared  to  enhance 
alertness  and  performance  on  some  tasks  (Table  3),  no  statistically  significant  effects  were  found 
(see  Appendix  G  for  full  treatment  of  statistical  results). 

Conclusion.  Contrary  to  what  was  hypothesized,  nonsteroidal  anti-inflammatory  drugs  did 
not  have  a  significant  effect  on  alertness  and  performance  during  sleep  deprivation. 

Hypothesis  2c 

Hypothesis.  Exposure  to  bright  light  stimulation  on  Night  1  will  enhance  alertness  and 
performance  during  subsequent  dim  light  stimulation  on  Night  2  relative  to  exposure  to  dim  light 
stimulation  on  both  nights:  i.e.  for  subjects  receiving  bright  light  on  Night  1  and  dim  light  on 
Night  2,  there  will  be  a  delayed  circadian  effect  of  bright  light  on  alertness  and  performance  that 
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will  carryover  to  Night  2.  That  is.  subjects  should  perform  on  Night  2  under  exposure  to  dim 
light  in  a  similar  manner  to  those  receiving  bright  light  on  Night  2. 

Rationale.  Photic  stimulation  affects  circadian  amplitude  in  that  exposure  to  bright  diurnal 
light  results  in  an  increase  in  amplitude  and  exposure  to  bright  nocturnal  light  results  in  a 
decrease  in  amplitude  (Czeisler  et  al..  1992).  Alertness  and  performance  are  closely  related  to 
the  amplitude  of  the  melatonin  (i.e..  the  peak)  and  temperature  (i.e..  the  trough)  rhythms 
(Akerstedt.  et  al..  1982;  Badia  et  al..  1991).  High  melatomn  and  low  temperature  levels  are 
associated  with  greater  sleepiness  and  poor  performance.  If  the  amplitude  of  the  melatonin  and 
temperature  rhythms  on  Night  2  is  reduced  by  nocturnal  exposure  to  bright  light  on  Night  1  as 
expected,  then  alertness  and  performance  during  the  nighttime  hours  on  Night  2  should  be 
enhanced  compared  to  subjects  receiving  dim  light  for  both  Nights  1  and  2. 

Results.  Most  alertness  and  performance  measures  exhibited  the  expected  Time-of-Night 
(worse  between  0200-0600  h  each  night)  and  Night  effects  (worse  performance  on  Night  2 
compared  to  Night  1  of  sleep  deprivation).  Bright  light  on  Night  1  had  positive  effects  on  one 
measure  of  alertness  during  dim  light  on  Night  2.  Specincally.  theta  power  \%as  significantly 
lower  in  the  bright  light  Night  1-dim  light  Night  2  group  compared  to  the  dim  light  Night  1-dim 
light  Night  2  group  on  Night  2  (see  Appendix  G  for  full  treatment  of  statistical  results).  Bright 
light  on  Night  1  had  little  positive  effect  on  performance  during  dim  light  on  Night  2. 

Conclusion.  Nighttime  exposure  to  bright  light  during  Night  1  appears  to  have  little  carryover 
effect  on  alertness  and  performance  during  dim  light  stimulation  on  Night  _.  To  enhance 
alertness  and  performance,  bright  light  stimulation  is  necessary. 
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Results 

Experiment  2:  Bright  Light  and  Caffeine  Effects 
We  present  next  the  effects  of  bright  light  and  catfeine  administration  on  the  physiological 
measures  of  melatonin  and  temperature.  The  latter  physiological  section  is  then  followed  by  a 
section  describing  the  effects  of  bright  light  and  caffeine  treatments  on  the  behavioral  measures 

of  alertness,  cognition,  and  performance. 

Hypothesis  3:  Treatment  Effects  on  Circadian  Rhvthms  (Melatonin  and  Temperature). 

The  following  analyses  address  whether  or  not  the  caffeine  and  light  treatments  affected 
nighttime  melatonin  and  temperature  levels  during  two  consecutive  nights  ot  sleep  deprivation. 

Hypothesis.  Either  bright  light  stimulation  alone  or  caffeine  ingestion  alone  will  reduce 
nighttime  melatonin  levels  and  attenuate  the  nocturnal  decrease  in  temperature  relative  to  the 
dim  light-placebo  condition.  Moreover,  the  combined  treatment  of  bright  light  and  caffeine  will 
affect  melatonin  and  temperature  levels  the  most:  that  is.  melatonin  levels  will  be  lowest  and 
temperature  levels  highest  in  the  combined  treatment  condition.  These  effects  ot  the  treatments 
on  melatonin  and  temperature  levels  will  be  similar  for  both  Night  1  and  Night  _. 

Rationale.  As  noted,  bright  light  stimulation  during  the  nighttime  suppresses  melatonin  and 
enhances  temperature  relative  to  dim  light  stimulation.  Bright  light  is  thought  to  suppress 
melatonin  by  preventing  noradrenergic  stimulation  ot  beta-adrenergic  receptors  on  the  pineal 
(Reiter.  1991).  The  ability  of  bright  light  to  attenuate  the  nocturnal  drop  in  temperature  is  thought 
to  be  related  to  the  suppression  of  melatonin  (Badia  et  al..  199.').  Results  from  Experiment  1 
showed  that  bright  light  was  able  to  suppress  melatonin  and  enhance  temperature  across 
consecutive  24-hr  periods.  Thus,  a  replication  ot  these  latter  results  were  predicted. 
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The  effects  of  caffeine  on  melatonin  synthesis  are  currently  unknown.  However,  since 
adenosine  is  involved  in  melatonin  synthesis  (e.g.,  Gharib  et  ah.  1989),  and  since  caffeine  blocks 
the  effects  of  adenosine  (e.g.,  Daly.  1993:  Daly  et  al.,  1981),  it  was  expected  that  caffeine  would 
decrease  nocturnal  melatonin  levels.  Through  the  blockade  ot  adenosine  in  the  peripheral  and 
central  nervous  system,  catfeine  w'as  also  expected  to  attenuate  the  nocturnal  decrease  in 
temperature  (e.g.,  Daly.  1993:  Daly  et  ai.,  1981).  The  effects  of  caffeine  on  melatonin  and 
temperature  were  predicted  to  be  similar  tor  both  nights. 

Since  caffeine  and  bright  light  may  affect  melatonin  and  temperature  by  different  mechanisms 
(i.e.,  caffeine  by  blocking  adenosinergic  and  bright  light  by  blocking  beta-adrenergic  receptor 
stimulation),  it  is  expected  that  the  combined  treatment  of  caffeine  and  bright  light  will  be  more 
effective  in  suppressing  melatonin  and  enhancing  temperature  compared  to  either  treatment 
alone.  In  addition  to  possible  additive  etfects  due  to  the  multiple  mechanisms,  catfeine  may  also 
directly  enhance  the  ability  of  bright  light  to  suppress  melatonin.  Specifically,  the  amount  of 
light  hitting  the  retina  may  be  increased  by  caffeine  through  pupillarly  dilation  (Lin  et  aL,  1994) 
which  may  potentiate  the  effect  of  light  on  the  SCN  (i.e..  a  lower  level  ot  light  with  the  addition 
of  caffeine,  may  suppress  melatonin  the  same  amount  that  a  higher  light  level  w  ould  without 
catfeine). 

Results.  Both  caffeine  alone  and  bright  light  alone  significantly  reduced  melatonin  and 
maintained  temperature  at  higher  levels  when  compared  to  dim  light  placebo.  As  predicted,  the 
combined  bright-light  caffeine  condition  exhibited  the  most  marked  etfects  on  melatonin  and 
temperature  levels.  Melatonin  levels  were  lowest  and  temperature  levels  were  highest  in  the 
combined  bright  light-caffeine  condition  (Figures  9-10).  Melatonin  data  were  similar  for  both 
nights  of  sleep  deprivation  within  each  treatment  condition.  In  contrast.  Night  1 -Night  2 
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differences  appeared  to  occur  for  temperature  data.  Tympanic  temperature  was  higher  tor  the 
dim-light  placebo  condition  on  Night  2  compared  to  Night  1 .  but  not  significantly  so.  A  trend  for 
significantly  higher  temperature  for  the  bright  light  alone  condition  on  Night  2  compared  to 
Night  1  was  observed.  The  dim-light  caffeine  condition  showed  higher  temperature  levels  on 
Niaht  1  compared  to  Night  2.  but  not  significantly  so.  The  combined  caffeine  and  bright  light 
treatment  condition  enhanced  temperature  levels  to  a  similar  degree  on  both  nights  as  predicted 
(see  Appendix  H  for  full  treatment  ot  statistical  results). 

Hourly  temperature  data  showed  the  typical  circadian  rhythm  for  the  dim  light  placebo  and 
bright  light  placebo  conditions  (Figure  11).  Administration  ol  catfeine  alone  appeared  to 
decrease  the  amplitude  of  the  temperature  rhythm  especially  on  Night  1 .  The  most  impressive 
finding  however,  is  for  the  combined  bright  light  caffeine  condition.  As  seen  in  Figure  1 1,  the 
amplitude  of  the  rhythm  was  considerably  reduced  and  the  overall  rhythm  flattened.  For  this 
condition,  temperature  was  maintained  at  high  levels  throughout  the  entire  deprivation  period. 

Conclusions.  Both  caffeine  alone  and  bright  light  alone  were  effective  treatments  for  reducing 
melatonin  levels  and  attenuating  the  nightly  decrease  in  temperature  during  sleep  deprivation. 
The  effects  of  caffeine  on  temperature  were  not  as  pronounced  on  Night  2  compared  to  Night  1. 
The  most  efficacious  treatment  for  decreasing  melatonin  and  attenuating  the  decrease  in 
nighttime  temperature  is  the  combination  ot  bright-light  and  caffeine. 

Hypothesis  4:  Relationshipbetween  Melatonin  and  Temperature  Le\els 

The  following  analyses  address  the  question  of  whether  the  different  treatments  attected  the 

relationship  between  melatonin  and  temperature. 

Hypothesis.  There  will  be  a  negative  correlation  between  melatonin  and  temperature  levels. 
Since  the  caffeine  and  bright  light  treatments  are  expected  to  reduce  the  amount  ot  endogenous 
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melatonin  and  attenuate  the  decrease  in  body  temperature,  the  treatments  may  etfect  the 
relationship  between  the  two  measures.  Specifically,  since  the  treatments  are  expected  to  mask 
the  endogenous  rhythms  and  reduce  the  range  of  scores  tor  the  melatonin  and  temperature  data . 
the  treatments  are  expected  to  reduce  the  correlation  between  the  two  measures. 

Rational.  Melatonin  levels  will  be  negatively  correlated  with  temperature  levels  (Badia  et  al., 
1993).  That  is.  subjects  with  higher  levels  of  endogenous  melatonin  will  show  larger  decreases  in 
temperature.  This  effect  will  occur  irrespective  of  condition;  but.  it  will  be  especially  evident  in 
the  continuous  dim-light  placebo  condition  since  (a)  the  masking  effects  of  photic  stimulation 
and  of  caffeine  intake  will  not  be  present  and  (b)  the  range  ot  values  will  not  be  restricted. 

Results.  Almost  all  subjects  in  the  dim-light  placebo,  bright-light  placebo  and  dim-light 
caffeine  groups  showed  a  significant  negative  correlation  between  melatonin  and  temperature 
(Table  4  -transformed  data).  On  the  other  hand,  less  than  half  of  the  individuals  in  the  combined 
treatment  group  showed  a  significant  negative  correlation  between  melatonin  and  temperature 
levels.  Averaging  across  individual  subjects  for  the  transformed  data,  yields  the  highest  average 
correlation  for  the  dim-light  placebo  condition.  The  average  correlation  between  melatonin  and 
temperature  was  significantly  lower  for  the  bright-light  placebo  condition  relative  to  the  dim 
light  placebo  condition  on  Night  1.  The  combined  treatment  of  caffeine  and  bright  light  showed  a 
significantly  smaller  correlation  between  melatonin  and  temperature  compared  to  the  dim  light 
placebo  condition  on  both  nights  of  sleep  deprivation. 

Lastly,  a  correlation  between  the  average  curve  of  melatonin  and  temperature  tor  each 
condition  was  calculated  (Figure  12).  As  evident  in  the  Figure,  the  negative  correlation  between 
melatonin  and  temperature  was  high  for  all  conditions,  albeit  the  correlation  for  the  caffeine 
conditions  were  lower  (See  Appendix  H  for  full  treatment  ot  statistical  results). 
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Table  4 


Individual  Subject  Correlations*  Between  Melatonin  and  Temperature  From  2100  to  0800  hr 


Subject 

Condition 

Night  1 

Night  l 

Night  2 

Night  2 

Number 

i 

Raw  r  i 

Trans  r 

Raw  r 

Trans  r 

301 

DLP 

-.47  ns 

-.53  (08) 

-.62 

-.87 

310 

DLP 

-.42  ns 

-.56  (  06) 

-.82 

-.94 

311 

DLP 

-.86 

-.90 

-.79 

-.85 

313 

DLP 

-.81 

-.86 

-.81 

-.79 

320 

DLP  1 

-.77 

-.83 

-.78 

-.88 

325 

DLP 

-.94 

-.95 

-.93 

-.92 

328 

DLP  i 

-.64 

-.68 

-.60 

-.68 

334 

DLP 

-.74 

-.72 

-.77 

-.80 

343 

DLP  i 

-.70 

-.76 

-.92 

-.90 

344 

DLP 

-  76 

-.81 

-.86 

-.82 

Average  r 

DLP 

71 

-.76 

79 

-.85 

302 

DLC 

-.59 

-.57 

-.47  ns 

-.59 

303 

DLC 

-.36  ns 

-.64 

-  5 1  (.09) 

-.63 

307 

DLC 

-.54(07) 

-.56  (.06) 

-.89 

-.89 

319 

DLC 

-.85 

-.83 

-.90 

-.84 

326 

DLC 

-  53(  08) 

-.56  (  06) 

-.86 

-.77 

327 

DLC 

-.67 

-.65 

-.80 

-.82 

333 

DLC 

-.70 

-.72 

-.75 

-.71 

336 

DLC 

-.5  1  (.09) 

-.65 

.03  ns 

- .08  ns 

350 

DLC 

-.74 

-.65 

-.93 

-.96 

A  verage  r 

DLC 

-.6/ 

-.65 

-.68 

-.70 

305 

BLP 

-.47  ns 

-.76 

-.68 

-.73 

308 

BLP 

-.52(.08) 

-.74 

-.92 

-.93 

321 

BLP 

-.74 

-.72 

-.88 

-.94 

324 

BLP 

-.90 

-.87 

-.60 

-.71 

330 

BLP  ! 

09  ns 

-.09  ns 

.04  ns 

-.04  ns 

337 

BLP 

-.68 

-.78 

-.72 

-.80 

339 

BLP 

-.66 

-.66 

-.62 

-.67 

342 

i  BLP 

-.63 

-.72 

-.75 

-.63  ! 

346 

BLP 

-.94 

-.95 

-.93 

-.95 

348 

BLP 

-  56(  06) 

-.72 

-,56(.06) 

-.60 

Average  r 

BLP 

-.60 

70 

-.66 

-.70 

306 

BLC 

-.01  ns 

-  01  ns 

-.20  ns 

-.32  ns 

312 

BLC 

-.41  ns 

-  40  ns 

-.85 

-  86 

323 

BLC 

-.56(06) 

-.56  (  06) 

-.35  ns 

-  43  ns 

331 

BLC 

-.70 

-.63 

-.35  ns 

-  34  ns 

332 

BLC 

-  87 

-  80 

-.91 

-.88 

338 

BLC 

-.  1 1  ns 

-.24  ns 

-.86 

-.89 

340 

BLC 

-.67 

-.74 

-.79 

-.71 

341 

BLC 

j  .16  ns 

.20  ns 

-.59 

-.63 

345 

BLC 

1  -.36  ns 

-.43  ns 

-.52(.09) 

-  49  ns 

347 

BLC 

j  -.25  ns 

-.26  ns 

.25  ns 

40  ns 

!  Avprnap  r 

BLC 

i  -.38 

-.39 

-.52 

-.52 

Note.  All  correlation  s  are  significant  unless  otherwise  noted  (£<  05).  ns  -  non-sigmticant.  Values  in  parentheses  represent  £ 


values  for  trends. 


DLP  -  dim  light  placebo.  DLC  =  dim  light  caffeine.  BLP  =  bnght  light  placebo.  BLC  =  bright  light  call  erne.  Raw  =  Raw  Data.  Trans 


Transformed  Data 
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Conclusion.  A  significant  negative  correlation  exists  tor  melatonin  and  temperature.  The 
neeative  relationship  between  melatonin  and  temperature  is  observed  most  clearly  under 
continuous  dim  light  in  the  absence  of  masking  factors.  The  presence  of  masking  factors  imposed 
by  the  treatments  tended  to  reduce  the  relationship  between  melatonin  and  temperature. 
Hypothesis  5:  Treatment  F.ffects  on  Behavior  ( Alertness.  Cognition,  and  Performance). 

The  following  analyses  address  the  question  of  how  well  the  caffeine  and  light  treatments 
maintained  alertness  and  performance  across  the  two  nights  of  sleep  deprivation. 

Hypothesis.  Both  caffeine  ingestion  alone  and  bright  light  exposure  alone  will  lead  to 
enhanced  alertness  and  performance  during  the  nighttime  hours  compared  to  dim  light  placebo. 
Caffeine  administration  will  be  more  effective  in  enhancing  nighttime  alertness  and  performance 
than  exposure  to  bright  photic  stimulation.  However,  the  combined  treatment  of  bright  light  and 
caffeine  is  expected  to  be  most  effective  in  enhancing  alertness  and  performance.  Both  alertness 
and  performance  are  expected  to  be  worse  on  Night  2  compare  to  Night  1. 

Rationale.  Previous  research  has  shown  both  caffeine  ingestion  alone  and  bright  light 
exposure  alone  to  enhance  alertness  and  performance  during  sleep  deprivation  (e.g.,  Badia  et  al.. 
1991:  Bonnet  &  Arand.  1994a.  1994b).  Bright  light  influences  alertness  and  pertormance 
through  suppression  of  melatonin,  attenuation  of  the  nocturnal  decrease  in  temperature  and 
increases  in  cortical  arousal  (e.g.,  Badia  et  al..  1991:  Campbell  &  Dawson.  1990.  Daurat  et  al.. 
1993;  Dollins.  Lynch.  Wurtman,  Deng  &  Lieberman.  1993). 

Caffeine,  in  its  excitatory  action,  affects  many  processes  which  influence  alertness  and 
performance  (e.g.,  caffeine:  decreases  muscle  fatigue,  increases  neurotransmitter  release,  causes 
hyperthermia,  increases  behavioral  activity,  reverses  the  hvpnogenic  effects  of  adenosine-Daly, 
1993:  Daly  et  al..  1981).  Since  caffeine  affects  more  physiological  processes  than  bright  light,  it 
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was  hypothesized  that  caffeine  ingestion  would  be  more  effective  in  enhancing  nighttime 
alertness  and  performance  compared  to  exposure  to  bright  light. 

The  combined  treatment  of  bright  light  and  caffeine  was  expected  to  be  more  effective  in 
enhancing  alertness  and  performance  compared  to  either  treatment  alone.  As  noted,  caffeine 
alone  and  bright  light  alone  affect  alertness  and  performance  in  different  ways.  The  combined 
treatment  of  bright  light  and  caffeine  may  thus  lead  to  larger  positive  effects  on  nighttime 
alertness  and  performance. 

Results  -  Alertness  Measures 

Maintenance  of  Wakefulness  Test.  Both  catfeine  alone  and  the  combined  treatment  of  bright 
light  and  caffeine  produced  significantly  longer  latencies  to  sleep  on  the  Maintenance  of 
Wakefulness  Test  (MWT)  compared  to  dim-light  placebo  and  bright  light  alone  (Figure  13). 
Alertness  on  the  MWT  was  enhanced  on  both  nights,  especially  in  the  early  morning  hours,  by 
the  caffeine  treatment  and  the  combined  treatment  of  bright  light  exposure  and  caffeine 
ingestion.  The  alerting  effects  of  caffeine  also  appeared  to  carry  over  into  the  daytime  hours. 

That  is.  alertness  on  the  daytime  MWT  was  significantly  higher  in  the  caffeine  treatments 
compared  to  no  caffeine,  even  though  the  test  was  done  6  Vi  to  8  hr  after  the  0200  h  dose  of 
caffeine.  In  contrast,  to  our  previous  findings,  bright  light  alone  had  little  effect  on  the  ability  to 
maintain  wakefulness  on  the  MWT  during  the  day  or  night.  Significantly  shorter  sleep  latencies 
were  observed  for  all  conditions  on  Night  2  compared  to  Night  1 .  In  addition,  alertness  was 
lowest  in  the  early  morning  hours  (see  Appendix  H  for  full  treatment  of  statistical  results). 

Subjective  sleepiness  (Stanford  Sleepiness  Scale).  Compared  to  subjects  in  the  dim-light 
placebo  condition,  subjects  in  the  combined  treatment  condition  reported  feeling  significantly 
more  alert  on  both  nights  whereas  subjects  in  the  caffeine  alone  (Night  1)  and  bright  light  alone 


22 


(Night  2)  conditions  reported  teeling  significantly  more  alert  tor  only  one  night  (Figure  14). 
Subjective  sleepiness  was  significantly  higher  tor  all  conditions  on  Night  2  compared  to  Night  1. 

In  addition,  sleepiness  was  highest  in  the  early  morning  hours. 

Power  spectral  analysis  of  the  EEG.  Little  systematic  effect  of  the  treatments  on  EEG  data 

were  observed.  Data  are  presented  in  Appendix  H. 

Conclusion.  Caffeine  alone  and  the  combined  treatment  of  bright  light  and  caffeine  improved 
objective  alertness  (MWT)  to  a  similar  degree.  Subjects  were  able  to  maintain  wakefulness  much 
better  under  the  latter  conditions.  Subjective  alertness  (SSS)  was  higher  in  the  combined 
treatment  condition  compared  to  all  other  conditions.  Little  positive  effect  ot  bright  light  on 
objective  alertness  was  observed:  however,  some  improvement  in  subjective  alertness  was 

observed  on  Night  2. 

Results  -  Performance  Measures 

In  general,  the  caffeine  and  bright  light  treatments  showed  the  largest  effects  on  performance 
between  2300  and  0800  h  each  mght  (noted  on  Figures  15-18  as  measurements  at  0030.  0330  and 
0630  h).  In  addition,  performance  on  several  tasks  was  significantly  worse  on  Night  2  compared 
to  performance  on  Night  1.  There  was  however  one  task  which  showed  significantly  improved 
performance  on  Night  2  -  Switching  Task  Mannequin  Throughput  performance. 

The  combined  bright  light  caffeine  condition,  as  well  as  the  caffeine  alone  condition  showed 
better  performance  compared  to  dim  light  placebo  on  both  nights  ot  sleep  deprivation.  Bright 
light  alone  on  the  other  hand,  tended  to  enhance  overall  performance  relative  to  dim  light  placebo 
on  Night  2  with  smaller  effects  on  Night  1  (Table  o).  In  addition,  bright  light  tended  to  enhance 
performance  on  tasks  without  a  memory  component  whereas  the  catfeine  treatments  significantly 
enhanced  performance  in  both  tasks  with  and  without  a  memory  component.  A  comparison  of 
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Table  5 

Percentage  of  Time  Performance  Was  Better  Under  Treatment  Conditions  Compared  to  Dim  Light  Placebo  fqrAll 
Measures  (e.g.,  Throughput.  Speed,  Accuracy.  Lapses,  Control  Losses,  Reaction  time. — oCorrect,  olncorrect) 

Night  l  Night2 

Bright-light  caffeine  78%  Bright-light  Caffeine 

Dim-light  caffeine  68%  Dim-light  Catfeine 

Bright-light  placebo  52%  Bright-light  Placebo 

the  treatments  showed  that  caffeine  alone  produced  significantly  better  performance  than  bright 
light  alone  for  several  measures  whereas  bright  light  alone  produced  significantly  better 
performance  than  caffeine  alone  only  once  (Figures  15-18).  Consistent  with  the  melatonin  and 
temperature  results,  the  combined  treatment  ot  bright  light  and  catfeine  produced  the  best  overall 
performance.  The  figures  show  performance  under  the  combined  treatment  condition  to  be 
significantly  better  than  performance  under  dim  light  placebo  most  ot  the  time  and  significantly 
better  than  performance  under  bright  light  alone  and  catfeine  alone  tor  more  than  one  third  of  the 
time  (see  Appendix  H  for  lull  treatment  ot  statistical  results). 

Conclusion.  Both  caffeine  alone  and  bright  light  alone  were  effective  treatments  tor  enhancing 
performance  during  sleep  deprivation.  Caffeine  alone  enhanced  performance  for  tasks  both  with 
and  without  a  memory  component  whereas  bright  light  tended  to  enhance  performance  for  tasks 
without  a  memory  component.  The  most  effective  treatment  for  enhancing  performance  is  the 
combined  treatment  of  bright  light  and  caffeine.  Therefore,  the  combination  of  bright  light  and 
caffeine  is  a  powerful  and  readily  available  method  of  enhancing  all  types  ot  performance  during 

the  nighttime  hours. 


90% 

70% 

70% 
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Summary 

The  above  research  tested  the  etfects  ot  bright  light,  catfeine  and  NSAIDS  on  circadian 
rhythms  (melatonin  and  temperature),  and  behavior  (alertness,  cognition  and  pertormance) 
during  two  nights  of  sleep  deprivation.  The  results  are  summarized  in  the  following  conclusions. 
Melatonin  and  Temperature 

1 .  Both  caffeine  alone  and  bright  light  alone  were  effective  treatments  tor  reducing 
nighttime  melatonin  levels  and  tor  attenuating  the  nightly  decrease  in  temperature  across  two 
consecutive  nights  of  sleep  deprivation.  The  etfects  ot  catfeine  on  temperature  were  not  as 
pronounced  on  Nieht  2  compared  to  Night  1 .  The  most  efficacious  treatment  tor  decreasing 
melatonin  and  attenuating  the  decrease  in  nighttime  temperature  tor  both  Night  1  and  2  is  the 
combination  of  bright-light  and  catfeine. 

2.  The  administration  of  NSAIDs  was  effective  in  suppressing  melatonin  on  both  Night  1 
and  Night  2.  However.  NSAIDs  had  little  effect  on  attenuating  the  nighttime  decrease  in 
temperature  on  either  Night  1  or  2. 

3.  Bright  light  stimulation  on  Night  1  reduces  circadian  amplitude  during  dim  light 
stimulation  on  Night  2  to  an  extent  similar  to  that  induced  by  bright  light  stimulation  on  both 
nights.  Bright  light  stimulation  on  Night  1  does  not  alter  circadian  phase  on  Night  2. 

4.  The  circadian  rhythms  of  melatonin  and  temperature  obtained  under  constant  dim  light 
conditions  were  reliable  from  night  to  night. 
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5.  Nighttime  melatonin  levels  and  temperature  levels  are  significantly  correlated.  The 
negative  relationship  between  melatonin  and  temperature  was  observed  most  clearly  under 
continuous  dim  light  in  the  absence  ot  treatments.  The  treatments  (bright  light,  catfeine)  tended 
to  reduce  the  relationship  between  melatonin  and  temperature. 

Alertness.  Cognition  and  Performance 

6.  Caffeine  alone  enhanced  objective  and  subjective  measures  of  alertness.  Little  effect  of 
bright  light  on  objective  alertness  was  observed:  however,  some  effect  on  subjective  alertness 
was  observed.  The  combined  treatment  of  bright-light  and  caffeine  was  the  most  effective 
treatment  for  enhancing  all  measures  of  alertness. 

7.  Both  caffeine  alone  and  bright  light  alone  were  effective  treatments  for  enhancing 
performance  during  sleep  deprivation.  In  general,  when  the  treatments  attenuated  the  nocturnal 
decrease  in  temperature,  enhancements  in  performance  were  obtained. 

8.  Continuous  bright  light  stimulation  appears  necessary  for  enhancement  in  performance  to 
occur. 

3.  Caffeine  alone  enhanced  performance  for  tasks  both  with  and  without  a  memory 
component.  Bright  light  tended  to  enhance  performance  for  tasks  without  a  memory  component. 
The  combined  treatment  of  bright- light  and  caffeine  was  the  most  powerful  treatment  for 
enhancing  all  measures  of  performance  during  the  nighttime  hours. 


26 


27 


Discussion 

Both  caffeine  and  bright  light  were  effective  treatments  tor  suppressing  melatonin,  tor 
attenuating  the  nocturnal  decrease  in  temperature  and  for  enhancing  alertness  and  performance. 
However,  differential  effects  of  the  treatments  on  alertness  and  performance  were  observed. 
Caffeine  administration  appears  to  be  a  more  powerful  treatment  tor  enhancing  alertness  and 
performance  compared  to  bright  light  exposure,  especially  for  tasks  requiring  cognitive  effort. 

The  ability  of  caffeine  to  enhance  both  tasks  with  and  without  memory  components  is  an 
important  finding  since  performance  during  sustained  or  continuous  operations  degrades  fastest 
in  leadership  positions  (Anderson,  1988-89). 

There  are  distinct  advantages  and  disadvantages  of  exposure  to  bnght  light  and  of  caffeine 
ingestion.  For  example,  the  use  of  bright  light  allows  control  over  alertness  and  performance 
(Badia  et  al..  1991).  When  enhanced  alertness/performance  is  required,  photic  stimulation  can  be 
introduced  whereas  when  sleep  or  rest  is  desired,  photic  stimulation  can  be  withdrawn.  A 
disadvantage  of  bright  light  is  that  continuous  exposure  to  a  bright  light  environment  is  needed. 
This  requirement  of  constant  stimulation  can  be  a  problem  when  it  is  impossible  to  provide  a 
bright  light  environment  due  to  technical  or  safety  issues  (e.g.,  it  would  be  difficult  to  implement 
bright  light  in  combat  situations).  Similarly,  the  use  ot  caffeine  has  advantages  and 
disadvantases.  For  example,  caffeine  is  easy  to  introduce  but  difficult  to  withdraw.  Caffeine  in 
pill  form  is  easy  to  administer  and  requires  no  additional  effort  tor  at  least  6  hours.  Furthermore, 
there  are  no  technical  limitations  (e.g.,  a  power  source  is  not  required)  or  safety  concerns  (e.g.,  an 
increase  in  visibility  to  the  enemy  does  not  occur)  such  as  those  noted  for  bright  light.  The 
inability  to  withdraw  caffeine  is  a  problem  if  sleep  or  rest  is  desired.  For  situations  requiring 
sustained  operations  where  it  is  possible  to  implement  bright  light  treatment  continuously,  the 
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combination  of  bright  light  and  catfeine  is  the  most  effective  treatment  tor  enhancing  alertness 
and  performance. 

The  data  presented  were  the  results  of  short  term  use  of  the  treatments.  Additional  research  is 
necessary  to  determine  the  etficacv  ot  the  treatments  for  long-term  use. 

Recommendations  for  Enhancing  Alertness  and  Performance  during  the  Nighttime  Hours. 

Bright  light  and  caffeine  are  effective  treatments  for  enhancing  nighttime  alertness  and 
performance  for  short-term  periods  (i.e.,  one  or  two  nights)  of  sleep  deprivation. 

For  military  positions  requiring  minimal  cognitive  etfort  exposure  to  bright  light  will  enhance 
performance  during  the  nighttime  hours. 

Caffeine  administration  appears  to  be  a  more  powerful  treatment  tor  enhancing  alertness  and 
performance  compared  to  bright  light  exposure,  especially  for  tasks  requiring  cognitive  effort. 

For  situations  requiring  sustained  operations  where  it  is  possible  to  implement  bright  light 
treatment  continuously,  the  combination  of  bright  light  and  caffeine  is  the  most  effective 
treatment  for  enhancing  alertness  and  performance. 
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APPENDIX  A 


Bright  Light  Affects  Body  Temperature  Affects  Body  Temperature 
and  Melatonin  Levels  during  48  Hours  of  Sleep  Deprivation 


Introduction 

Earlier  we  showed  that  photic  stimulation  (>  5.000  lux)  had  immediate  effects  during  the 
nighttime  hours  on  alertness,  body  temperature.  EEG.  and  performance  during  24  hr  of  sleep 
deprivation  (Badia  et  ai..  1991).  Because  these  effects  occurred  only  during  the  nighttime  when 
melatonin  is  synthesized  and  released  and  with  light  intensities  known  to  suppress  melatonin,  we 
assumed  that  melatonin  was  also  suppressed.  Additional  research  conducted  in  our  laboratory 
and  the  work  of  others  suggested  that  melatonin  mediates  the  physiological  and  psychological 
effects  of  photic  stimulation  (Myers  et  al.,  1992).  In  the  present  investigation,  we  tested  whether 
bright  light  (>  2.500  lux)  would  continue  to  enhance  temperature  and  suppress  melatonin  during 
48  hr  of  sleep  deprivation. 

Method 

Six  male  college  students  (average  age  =  20  years)  were  tested.  Participants  arrived  at  2200  hr 
and  slept  from  0000  to  0900  hr  prior  to  beginning  a  48-hr  period  of  sleep  deprivation. 
Throughout  this  period,  a  modified  constant  routine  procedure  was  implemented.  That  is. 
physical  activity,  light  exposure,  and  food/beverage  intake  were  rigorously  controlled.  Physical 
activity  was  minimized  by  having  the  subjects  remain  seated  upright  throughout  the  testing 
session.  During  the  daytime  (0900-2100  hr)  subjects  remained  under  dim  light  (<  100  lux)  while 
during  the  nighttime  (2100-0900  hr)  subjects  remained  under  either  dim  light  (<100  lux)  or 
bright  light  (>  2500  lux)  administered  in  alternating  and  counterbalanced  3-hr  blocks.  Food  and 

A-l 


beverages  were  allowed  only  every  j  hr  in  similar  aliquots.  The  primary  dependent  measures  of 
the  study  were  tympanic  temperature  (Intelligent  Medical  Systems,  Carlsbad,  CA)  which  was 
recorded  every  60  min  and  salivary  meiatonin  (RIA:  Elias  USA.  Osceola.  WT)  which  was 
sampled  every  60  min.  To  determine  if  there  were  any  differences  in  physical  activity  under  the 
two  light  intensities,  the  participants  wore  an  actigraph  (Ambulatory  Monitoring,  Ardsley,  NY) 
on  their  nondominant  wrist. 

Results 

Under  the  alternating  bright  light  and  dim  light  conditions  ot  the  experiment  it  is  clear  that 
nocturnal  exposure  to  bright  light  significantly  enhanced  temperature  and  significantly 
suppressed  melatonin  relative  to  dim  light.  This  effect  occurred  in  a  similar  manner  on  both 
nights.  We  have  reported  the  effects  of  bright  light  during  24  hr  ot  sleep  deprivation  (Badia  et  al., 
1991);  therefore,  only  the  results  of  the  second  24  hr  will  be  described.  The  mean  nocturnal 
temperature  level  for  the  second  night  of  deprivation  (2100-0900  hr)  was  98.8  F  under  bright 
light  and  98.6  °F  under  dim  light  (p  <  .05).  The  mean  nocturnal  melatonin  level  was  12.32 
pg/mL  under  bright  light  and  28.35  pg/mL  under  dim  light  (p  <  .05).  The  accompanying  figures 
depict  the  average  change  in  temperature  (Figure  19)  or  melatonin  (Figure  20)  as  a  function  of 
light  intensity  and  time  within  block  for  the  entire  second  night  (2100-0900  hr).  Difference 
scores  were  calculated  with  the  first  measurement  of  each  3  hr  block  serving  as  the  zero  point. 
This  initial  measurement  was  then  subtracted  from  each  subsequent  measurement  within  the 
block.  The  figures  illustrate  an  advantage  of  measuring  melatonin  as  masking  etfects  are  evident 
in  the  temperature  data  (Myers  &  Badia,  1993).  An  additional  finding  was  that  dim  light 
melatonin  levels  increased  across  the  deprivation  period.  Average  dim  light  melatonin  levels 
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were  21.91  pg/mL  during  the  later  portion  ot  the  hrst  24  hr  (0300-0900  hr)  and  43. j  1  pg/mL 
during  the  later  portion  of  the  second  24  hr  (2  <  .05).  The  actigraphic  data  indicated  that  there 
were  no  differences  in  physical  activity  under  the  two  light  intensities. 

Discussion 

Temperature  and  melatonin  levels  were  inversely  related  during  the  deprivation  period.  That 
is,  exposure  to  bright  light  was  associated  with  an  increase  in  temperature  and  a  decrease  in 
melatonin  (relative  to  dim  light)  whereas  exposure  to  dim  light  was  associated  with  a  decrease 
in  temperature  and  an  increase  in  melatonin  (relative  to  bright  light).  These  results  are  consistent 
with  our  previous  research  (Badia  et  ah,  1991)  which  utilized  a  shorter  period  of  sleep 
deprivation  and  it  provides  additional  support  for  the  notion  that  melatonin  plays  an  important 
role  in  thermoregulation  (Myers  et  ai  1992).  It  is  interesting  to  speculate  about  the  finding 
concerning  the  increase  in  dim  light  melatonin  levels  across  the  deprivation  period.  This  result 
may  represent  the  likely  phase  delay  induced  by  the  photic  stimulation:  but,  this  possibility 
seems  improbable  since  the  melatonin  levels  obtained  on  the  second  night  were  considerably 
higher  than  those  obtained  on  the  first  night.  A  more  likely  possibility  is  that  this  finding 
represents  a  compensatory  increase  in  melatonin  levels  resulting  from  suppression  during  the 
first  24  hr.  While  it  is  unlikely  that  such  a  rebound  was  induced  by  the  sleep  deprivation  alone 
(  Armstrong  et  ai.,  1993),  it  may  be  that  a  rebound  was  induced  by  the  combination  of  sleep 
deprivation  and  photic  stimulation  (Salin-Pascual  et  ai..  1988).  We  are  testing  this  hypothesis. 
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Light  Visor  Study: 

Effects  of  Alternating  Bright  and  Dim  Light  on  Temperature 


Introduction 

Using  a  similar  design  to  the  alternating  light  study  presented  in  Appendix  A.  we  tested 
whether  a  portable  light  source  (a  "light  visor  )  could  attenuate  the  nighttime  decrease  in 
temperature.  This  study  served  as  a  preliminary  test  of  whether  portable  light  visors  could  be 
used  as  an  alternative  to  stationary  light  sources  (which  restrict  mobility)  to  enhance  nighttime 
alertness  and  performance. 

Method 

Twelve  college  students  (6  males.  6  females)  were  tested.  Subjects  arrived  at  the  sleep 
laboratory  at  1900  hr  and  remained  their  until  0300  hr.  Throughout  the  testing  session,  a  constant 
routine  procedure  was  implemented  to  minimize  masking  effects  ot  behavioral  and 
environmental  factors  such  as  activity  levei.  ambient  illumination,  posture,  meai  timing,  sleep- 
wake  state,  and  ambient  temperature  (e.g..  Mills  et  al..  1978:  Czeisler  et  al..  1990).  During  the 
constant  routine,  subjects  remained  seated  inon-recumbent).  Participants  were  allowed  to  read 
and  do  homework  and  were  kept  awake  by  conversing  with  a  member  ot  the  research  staff.  From 
1900  to  2100  hr.  subjects  sat  quietly  in  order  to  provide  a  baseline  for  temperature  measurement. 
Tvmpanic  temperature  was  acquired  every  30  min  (see  method  section  ot  the  grant  tor  a 
description).  From  2100-0300  hr.  a  protocol  of  1 -hr  blocks  of  alternating  dim  (  <  80  lux)  and 
bright  light  (>  1000  lux)  began.  Light  Visors  were  donated  by  Bio-Bright.  Inc. 
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Results 


Figure  21  presents  the  temperature  data  in  difference  scores  with  a  2100  hr  baseline.  As 
evident  in  the  figure,  temperature  decreased  across  the  night  regardless  ot  whether  subjects  were 
under  dim  or  bright  light. 

Conclusion 

These  results  are  not  consistent  with  those  of  the  alternating  study  which  used  light  boxes 
(Appendix  A).  Exposure  to  bright  light  using  the  light  boxes  showed  an  effect  on  temperature 
whereas  exposure  to  bright  light  using  the  light  visors  showed  little  effect  on  temperature.  Since 
the  light  visors  had  little  effect  on  nighttime  temperature,  it  appears  unlikely  that  the  visors  will 
have  an  effect  on  nighttime  alertness  and  performance.  On  possible  explanation  for  these  results 
was  that  it  was  difficult  to  position  the  light  visor  so  that  light  would  fall  directly  on  the  eyes. 
This  preliminary  study  suggests  further  development  ot  the  light  visor  is  needed  if  it  is  to  be  used 
as  a  treatment  to  enhance  nighttime  alertness  and  performance. 
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APPENDIX  C 


Reliability  of  Salivary  Melatonin 

Introduction 

Melatonin  (MT)  can  be  measured  in  saliva  and  serum  but  due  to  saliva  s  ease  of  collection  it 
may  be  the  preferred  method.  Given  the  latter,  it  is  important  that  the  reliability  ot  salivary  MT 
within  individuals  across  multiple  nights  be  assessed.  Previous  research  indicates  that  the 
nightly  MT  rhythm  in  saliva  is  highly  correlated  with  MT  levels  in  blood  and  that  salivary  MT 
levels  are  approximately  30%  of  blood  MT  levels  (McIntyre  et  al..  1987.  Nowak  et  al..  1987). 
Plasma  (Coetzee  et  al..  1989.  Grof  et  al..  1985)  and  serum  ( Arato  et  al..  1985)  MT  levels  have 
shown  high  reliability  across  repeated  testing  sessions  but  saliva  MT  reliability  is  less  well 
established.  Therefore,  we  investigated  the  reliability  of  the  salivary'  MT  profile  across 
successive  weeks. 

Methods 

Seven  subjects  (6  males.  1  female,  age  range  20-26  years)  participated  on  3  evenings, 
with  each  successive  testing  session  separated  by  at  least  1  week  but  not  more  than  2  weeks. 
Subjects  adhered  to  the  following  restrictions  prior  to  participation:  no  medications  ot  any  kind 
for  72  hrs:  no  alcohol  for  24  hrs;  no  caffeine  for  6  hrs;  and  no  food  tor  2  hrs.  Subjects  reported 
to  the  laboratory  at  1930  hr  at  which  time  they  completed  consent  and  medical  history  forms. 
They  were  seated  in  comfortable  chairs  and  movement  was  restricted.  Light  levels  were  _  100 
lux  at  all  times.  From  2000  -  0200  hr.  hourly  2  ml  saliva  samples  were  collected  into  polystyrene 
tubes.  Samples  were  then  centrifuged  at  2500  rpm  and  frozen  at  --0  C  until  assayed.  Saliva 
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samples  were  packed  in  dry  ice  and  shipped  overnight  air  mail  to  Elias  l  SA  (Osceola.  WT)  for 
radioimmunoassay. 

Results. 

MT  levels  were  quite  similar  across  days  lor  most  subjects.  Similar  to  previous  reports,  intra¬ 
individual  variation  was  low  while  inter-individual  variation  was  substantial.  Figure  22  shows 
individual  subject  MT  profiles  for  all  3  nights.  Individual  subjects  showed  a  range  of 
correlations  across  the  3  nights  from  r  -  .08  (S  05,  N2  vs  N3)  to  r  =  .98  (S  01.  N1  vs  N2).  The 
average  across  all  subjects  was:  N1  vs  N2:  r_=  98  (p<.001),  N1  vs  N3.  r  -  .97  (p<.001),  N2  vs 
N3:  r=.98(E<001). 

Discussion. 

Salivary  MT  levels  were  reliable  across  time  in  the  present  study  at  levels  lower  than  serum  as 
previously  reported.  MT  levels  in  saliva  appear  to  be  a  reliable  marker  similar  to  serum  MT 
estimation. 
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NSAID  Effects  on  Body  Temperature  and  Melatonin  Synthesis 

Information  general  to  all  studies 

All  subjects  were  screened  via  a  phone  interview  for  a  history  ot  reactions  to  anti¬ 
inflammatory  drugs,  and  for  conditions  that  could  predispose  them  to  adverse  reactions  including 
ulcers,  asthma,  nasal  polyps,  gastritis,  and  gout.  All  subjects  were  medication-free  (including 
NSAIDs)  for  a  minimum  72-hr  period  prior  to  each  experimental  session.  In  addition,  no 
caffeine  was  permitted  for  6  hrs  before  NSAID  administration.  Subjects  were  also  screened  for 
resular  sleep/wake  schedules,  napping  habits,  and  any  activities  at  or  around  time  ot  participation 
that  could  alter  their  sleep  patterns.  Females  were  scheduled  to  participate  between  the  second 
and  eighth  day  following  menses  (i.e..  early  follicular  phase)  to  control  for  differential  melatonin 
and  body  temperature  levels  across  menstrual  cycle  phases  (20.  36).  Subjects  arrived  at  the 
laboratory  2  hr  prior  to  the  first  temperature  measurement.  After  giving  informed  consent  and 
completing  questionnaires  concerning  medicai  history  and  momingness/eveningness.  all  were 
required  to  remain  seated  in  a  comfortable  chair  in  a  dimly  lit  room  (<  100  lux)  during  the  entire 
experimental  period.  Activity  was  restricted  to  reading,  and  social  interaction  was  limited  to 
necessary  exchanges  with  the  experimenter.  Figure  23  depicts  the  protocol  for  each  ot  the 
studies  described  below.  The  initial  2  hr  serv  ed  as  a  body  temperature  unmasking  period,  during 
which  subjects  sat  quietly  and  no  measurements  were  obtained.  At  2300  hr  (nighttime  studies) 
or  1500  hr  (daytime  study),  baseline  tympanic  temperature  was  measured  and  a  standard  NSAID 
dose  (650  mg  aspirin.  400  mg  ibuprofen:  equal  to  manufacturer  s  recommended  dosage)  or 
placebo  was  administered  with  water  and  a  small  snack.  The  2300  hr  time  of  administration  was 
chosen  to  occur  well  within  the  nighttime  melatonin  period  (previous  data  from  our  laboratory 
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has  shown  that  melatonin  onset  occurs  at  approximately  2100-2200  hr  in  this  population);  the 
1 500  hr  time  of  administration  was  chosen  to  occur  well  outside  the  melatonin  period  and  several 
hours  from  normal  mealtimes.  Both  NS  AID  and  placebo  were  administered  in  a  double-blind 
manner  in  unmarked  gelatin  capsules.  Thereafter,  tympanic  temperature  was  assessed  every  1 5 
min  until  0100  hr  (nighttime  studies)  or  1700  hr  (daytime  study). 

NSAID  and  BT  Studies 

Nighttime/Between  subjects  study.  Assignment  to  drug  group  was  random.  Each  subject 
received  a  dose  of  aspirin,  ibuprofen.  or  placebo.  A  total  of  54  subjects  were  tested  in  this 
protocol  (21  placebo  [10M.  1  IF],  13  aspirin  [6M,  7F],  20  ibuprofen  [10M.  10F]). 

Nighttime/  Within  subjects  study.  This  experiment  used  only  ibuprofen.  given  results  from  the 
between  subjects  study  suggesting  that  ibuprofen  had  a  larger  effect  than  aspirin  (along  with  data 
showing  significant  disruption  of  sleep  after  ibuprofen  administration;  Murphy  et  al..  1993).  A 
total  of  1 1  subjects  were  tested  in  this  protocol  (placebo/ibuproten  [10M.  IF]).  The  sessions 
were  separated  bv  a  minimum  3-day  washout  period  and  a  maximum  of  7  days,  and  drug  or 
placebo  was  administered  in  a  counterbalanced  order.  Davtime/between  subjects  study.  .Another 
1 7  subjects  ( 9  placebo,  8  ibuprofen;  all  M)  were  tested  during  the  daytime  hours. 

NSAIDs  and  Melatonin  Study  with  Body  Temperature  Replication 

The  procedure  for  this  study  was  similar  to  that  tor  the  nighttime  studies  described  above. 
However,  the  experimental  period  was  extended  until  0300  hr.  tympanic  temperature  was 
assessed  every  30  min.  and  saliva  samples  (approximately  1200  pi  unstimulated)  were  collected 
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every  60  min  for  purposes  of  radioimmunoassay  ot  salivary  melatonin  levels.  All  subjects 
(N=10;  3M.7F)  participated  for  two  sessions,  separated  by  a  minimum  3-dav  washout  period  and 
a  maximum  of  7  davs.  Each  subject  received  aspirin  or  ibuproten  at  one  session,  and  placebo  at 
the  other  session  in  a  counterbalanced  order.  Saliva  samples  were  centrifuged  at  2500  rpm 
immediately  after  collection,  then  frozen  at  -20°C  until  assayed. 

Tympanic  temperature  was  recorded  using  the  Firsttemp  system  (clinical  Technologies, 
Calabasas.  CA).  Because  this  system  averages  an  error  of  ±  .056°C.  a  minimum  of  two 
consecutive  measurements  differing  by  less  than  or  equal  to  this  error  was  required  at  each 
assessment.  Saliva  samples  were  assayed  tor  melatonin  concentration  using  a  radioimmunoassay 
procedure  (Elias  USA.  Inc..  Osceola.  WI). 

Statistical  Analysis 

Difference  scores  were  used  to  reduce  the  influence  of  inter-individual  differences  in  absolute 
body  temperature  and  melatonin  levels,  as  well  as  to  emphasize  the  change  in  body  temperature 
or  melatonin  following  NS  AID  administration.  The  necessity  or  using  difference  scores  is 
illustrated  by  considering  that  in  the  nighttime  melatonin  and  body  temperature  experiment  there 
was  a  range  in  baseline  body  temperature  of  36.3  -  37.6  °C.  and  a  range  in  baseline  melatonin 
levels  of  1  -  36  pg/mL.  Difference  scores  were  calculated  as  the  change  from  baseline  just  prior 
to  NS  AID  administration.  For  example,  the  body  temperature  difference  score  at  2400  hr  is  the 
average  difference  between  the  body  temperature  levels  at  2400  hr  and  the  2300  hr  values. 
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Statistical  tests  included  either  repeated  measures  ANOVA  or  mixed  design  ANOVA 
(depending  upon  the  experimental  protocol)  applied  to  difference  score  data  tor  both  body 
temperature  and  melatonin  levels. 

Results 

NSAIDs  and  BT  studies.  Nighttime/Between  subjects  design.  Body  temperature  changes 
from  baseline  at  2300  hr  for  each  NSAID  compared  to  placebo  are  shown  in  Figure  24.  As 
predicted,  the  decrease  in  body  temperature  was  attenuated  for  both  NSAID  groups  relative  to  the 
placebo  group.  There  were  large  inter-individual  differences  in  body  temperature  changes,  but 
the  subjects  in  the  placebo  group  generally  showed  a  normal  decline  (>  .4°  C)  in  body 
temperature  across  the  testing  period.  The  average  difference  in  body  temperature  at  0100  hr 
between  the  placebo  group  and  NSAID  groups  was  0. 1 1°C.  A  two-way  ANOVA  tor  repeated 
measures  (Condition  x  Time  of  Night  )  revealed  main  effects  tor  both  Condition  [F(2,51)=3.34, 
£<.05]  and  Time  of  Night  [F(8.408)=62.48.  £<05].  Pairwise  comparisons  confirmed  that  aspirin 
and  ibuprofen  did  not  differ  from  each  other,  but  both  groups  differed  from  piacebo  at  every 
temperature  assessment  from  2400-0100  hr.  There  was  also  an  interaction  between  Condition 
and  Time  of  Night  [F(16.408)=2.64.  £<05],  further  illustrating  that  body  temperature  for  the 
NSAID  groups  was  attenuated  across  the  experimental  period  relative  to  body  temperature  in  the 
piacebo  group.  Within  subjects  design.  Body  temperature  changes  trom  baseline  at  2a00  hr 
after  NSAID  administration  compared  to  after  placebo  administration  are  shown  in  Figure  25. 

The  difference  between  NSAID  and  placebo  body  temperature  was  most  evident  when  compared 
within  the  same  individual.  The  average  difference  in  body  temperature  at  0100  hr  between  the 
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piacebo  group  and  NSAID  group  was  .  19°C.  A  two-way  ANOVA  for  repeated  measures 
(Condition  x  Time  of  Night)  revealed  main  effects  for  both  Condition  (7(1.121=7.88.  p<05]  and 
Time  ofNight  [F(8.80)=20.16.  p<.00 1 :  Greenhouse-Geisser  p<.001].  Pairwise  comparisons 
revealed  that  body  temperature  differed  significantly  between  NSAID  and  placebo  at  every  time 
point  after  drug  administration.  As  expected,  there  was  also  an  interaction  between  Condition 
and  Time  ofNight  [F(8.80)=7.12.  after  drug  administration.  As  expected,  there  was  also  an 
interaction  between  Condition  and  Time  ofNight  [F(8.80)=7.12.  E<001].  Davtime/between 
subjects  design.  Administration  of  an  NSAID  had  no  effect  on  body  temperature  during  the 
davtime  hours  as  shown  in  Figure  26.  That  is.  when  subjects  were  tested  between  1500-1700  hr. 
body  temperature  was  not  different  for  the  placebo  versus  the  NSAID  groups.  Body  temperature 
was  relatively  flat  across  the  experimental  period  for  all  subjects,  although  some  subjects  in  both 
groups  showed  a  slight  increase  in  temperature  between  1 500-1700  hr.  as  would  be  expected  at 
this  time  of  day  when  temperature  is  nearing  its  circadian  peak. 

NSAIDs  and  Melatonin  Study  with  Body  Temperature  Replication. 

Body  Temperature.  Figure  27  shows  body  temperature  difference  scores  as  a  function  of 
dock  time  after  NSAID  administration  compared  to  after  placebo  administration.  This  study 
replicated  previous  findings  concerning  NSAID  effects  on  body  temperature  as  described  above. 
All  subjects  exhibited  the  normal  nighttime  decrease  in  body  temperature  under  the  placebo 
condition,  although  some  subjects  showed  a  greater  decrease  in  temperature  trom  _j00  0300  hr. 

NSAID  treatment  attenuated  the  nighttime  decrease  in  body  temperature.  There  were  no 
differences  between  aspirin  and  ibuprofen  on  body  temperature  changes:  both  NSAIDs 
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maintained  body  temperature  relative  to  placebo  to  a  similar  degree.  The  average  change  in  body 
temperature  after  NSAID  treatment  was  *.028.  -.006.  -.050.  -.1 18.  -.134.  -.151.  -.213.  and- 
207°C  at  2330. 2400.  2430,  0100.  0130.  0200.  0230.  and  0300  hr.  respectively.  In  comparison, 
the  average  change  in  body  temperature  after  placebo  was  -.028.  -.056,  -.129,  -.202,  -.286.  -.j53. 
and  -,403°C  at  the  same  times.  Thus,  the  average  difference  in  body  temperature  at  0300  hr 
between  the  placebo  groups  and  the  NSAID  groups  was  ,196°C. 

Subsequently,  a  2-way  ANOVA  for  repeated  measures  (Condition  x  Time  of  Night)  was 
performed  to  determine  (a)  whether  NSAIDs  maintained  body  temperature  at  a  higher  level  than 
placebo,  and  (b)  whether  body  temperature  levels  within  subjects  changed  across  the  night  (i.e., 
exhibited  a  circadian  rhythm).  This  analysis  confirmed  that  body  temperature  differed 
significantly  between  the  NSAID  and  placebo  conditions  [F(  1.9)=  18.87.  p<.01].  Pairwise 
comparison  at  each  time  point  established  that  body  temperature  was  significantly  higher  after 
NSAID  relative  to  placebo  at  0030  hr  and  every  30  min  from  0130  -  0300  hr  (p<.05).  There  was 
a  main  effect  for  Time  of  Night  as  well  [F(8.72)=41.77.  E<.01],  confirming  that  body 
temperature  did  decline  across  the  experimental  penod  as  expected.  Furthermore,  the  presence  ot 
a  significant  Condition  x  Time  of  Night  interaction  [F(8.72)=2.74.  p<.05]  revealed  that  body 
temperature  did  not  decline  to  the  same  degree  after  NSAID  administration  as  after  placebo 
administration. 

Melatonin.  Changes  in  melatonin  levels  as  a  function  ot  clock  time  tor  NSAIDs  compared  t 
placebo  are  also  shown  in  Figure  27.  All  subjects  exhibited  the  normal  nighttime  circadian 
increase  in  melatonin  levels  during  the  nighttime  hours  under  the  placebo  condition,  although  i 
some  subjects  it  appeared  that  melatonin  levels  peaked  by  0200  hr  and  lower  levels  were 
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observed  at  0300  hr.  There  were  the  normally  observed  large  intenndividual  differences  in 
absolute  melatonin  levels,  but  intraindividual  levels  of  melatonin  between  placebo  and  drug 
nights  were  stable  at  the  pretreatment  baseline  measure  (i.e..  2300  hr). 

NSAID  treatment  suppressed  melatonin  levels  relative  to  placebo  treatment.  As  with  body 
temperature,  there  was  no  significant  difference  in  amount  ot  melatonin  suppression  between 
aspirin  and  ibuprofen:  both  NSAIDs  reduced  melatonin  levels  by  approximately  75%  at  2400h. 
As  depicted  in  Figure  27.  the  average  change  in  melatonin  levels  after  NSAID  administration 
(relative  to  baseline  measurement  of  21.5  pg/mL)  was  -10.7.  9.3.  20.8.  and  28.6  pg/mL  at  2400. 
0100,  0200.  and  0300  hr.  respectively.  In  comparison,  the  average  change  in  melatonin  levels 
after  placebo  administration  (relative  to  baseline  measurement  ot  21.6  pg/mL)  was  25.4,  40.0, 
49.8,  and  64.0  pg/mL  at  the  same  times. 

Subsequently,  a  2-wav  ANOVA  for  repeated  measures  (Condition  x  Time  of  Night)  was 
performed  to  determine  (a)  whether  melatonin  levels  after  NSAID  administration  differed 
significantly  from  levels  after  placebo  administration  and  (b)  whether  melatonin  levels  within  a 
subject  changed  across  the  night  (i.e..  exhibited  a  circadian  rhythm).  .  his  analysis  continued 
that  melatonin  levels  differed  significantly  between  the  NSAID  and  placebo  conditions 
[F(  1,9)=  18.07.  £<.01  ].  Paired-comparisons  analyses  established  that  melatonin  levels  were 
significantly  lower  after  NSAID  than  after  placebo  at  2400.  0100.  and  0200  hr  (£<.05),  but  were 
not  different  at  2300  hr  (baseline)  or  0300  hr.  As  expected,  there  was  a  main  effect  for  Time  ot 
Night  [F(4,36)=5.64.  £<.01  ],  with  melatonin  levels  increasing  significantly  every  hour  (£<.05). 
The  Condition  x  Time  interaction  was  not  significant  (£>.05).  indicating  that  a  circadian  rhythm 
was  exhibited  under  both  the  placebo  and  NSAID  conditions,  although  the  amplitude  of  the 
rhythm  was  lower  after  NSAID  administration. 
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Summary  of  NSAID  studies  on  Body  Temperature  and  Melatonin  Levels.  The  primary 
purposes  of  these  studies  were  to  determine  whether  body  temperature  and  melatonin  levels  were 
altered  by  the  administration  of  a  single  dose  ot  the  NSAlDs  aspirin  and  ibuproten  in  humans. 
The  normal  circadian  decrease  in  body  temperature  during  the  nighttime  hours  was  attenuated  by 
the  administration  of  aspirin  or  ibuproten.  but  daytime  body  temperature  was  not  atfected  by 
NSAID  administration.  It  was  also  demonstrated  that  melatonin  was  suppressed  by  the 
administration  of  these  NSAIDs  during  the  nighttime  hours,  confirming  previous  reports  that 
NSAIDs  can  suppress  melatonin  synthesis  in  animals  ( Reiter.  Steinlecnner.  &  Richardson,  1985; 
Ritta  &  Cardinali.  1980)  and  in  humans  (Surrail  et  al..  1987).  These  results  are  compatible  with 
the  hypothesis  that  some  of  the  behavioral  changes  associated  with  NSAID  administration, 
including  changes  in  sleep  (Murphy  et  al..  1994),  may  be  due  to  melatonin  suppression  and 
relatively  higher  body  temperature.  The  lack  ot  effects  on  daytime  body  temperature  are  also 
compatible  with  this  hypothesis  given  that  melatonin  levels  are  very  low  during  the  diurnal 
hours. 

The  circadian  rhythms  of  melatonin  and  body  temperature  are  thought  to  be  primary  markers 
of  the  output  of  the  circadian  system.  Based  on  these  data,  and  our  previous  data  demonstrating 
effects  of  NSAIDs  on  nocturnal  sleep,  we  hypothesized  that  administration  ot  NSAIDs  at 
appropriate  times  during  a  period  of  sleep  deprivation  would  have  etfects  on  pertormance  and 
alertness  in  a  manner  similar  to  bright  light.  That  is.  administration  of  NSAIDs  during  the 
nocturnal  hours  would  facilitate  the  maintenance  of  alertness  and  enhance  performance  relative 
to  no  treatment. 
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APPENDIX  E 


Method 

Research  participants  were  male  graduate  and  under-graduate  students  enrolled  at  Bowling 
Green  State  University.  Females  were  not  tested  as  the  phase  of  the  menstrual  cycle  alters  the 
melatonin  and  temperature  rhythm  (Rogacz  et  al..  1988).  Participation  depended  upon  the 
regularity  of  their  sleep-wake  schedule.  Students  were  excluded  from  participating  if  their 
sleeping  time  regularly  fell  outside  a  range  from  2300  to  0900  hr.  if  they  slept  less  than  7  or  more 
than  9  hr.  if  they  had  an  irregular  sleep-wakefulness  schedule,  or  if  they  frequently  napped.  In 
addition,  students  were  excluded  if  they  used  tobacco  products,  were  taking  medications 
(prescription  and  nonprescription),  or  had  any  significant  medical  or  psychological  conditions. 
Participants  were  requested  to  refrain  from  the  intake  of  any  medications  (for  72  hr),  ethanol  (for 
24  hr),  or  caffeine  (for  24  hr)  prior  to  the  experiment.  Participants  completing  the  experiment 
were  paid  $120.00  for  their  participation.  Participants  were  free  to  withdraw  from  the  study  at 
their  discretion  and  were  paid  on  a  prorated  basis  if  they  did.  All  participants  were  tested  as  part 
of  a  larger  studv  entitled  "Facilitative  Effects  ot  Bright  Light  and  Nonsteroidal  .Anti¬ 
inflammatory  Drugs  during  Sleep  Deprivation"  funded  by  the  Army  Research  Institute  (Contract 
MDA  903-93-K-0002).  The  project  received  the  approval  of  the  Human  Subjects  Review  Board 
(  Approval  H93E41FFB). 

Measures 

Questionnaires 

Subjects  were  required  to  fill  out  several  forms  before  participating  in  the  experiment.  These 
forms  included  a  sleep  and  caffeine  log  (for  1  week  prior  to  the  experiment),  a  tood/chemical 
sensitivities  questionnaire,  a  medical  history  questionnaire,  and  a  subject  demographic 
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information  form.  Additionally,  immediately  before  the  testing  session,  subjects  completed 
several  forms  regarding  their  activities  during  the  last  24  hr.  Measures  taken  during  the 
experiment  included  circadian  rhythms  (endogenous  melatonin  and  body  temperature)  and 
behavior  (alertness  and  performance).  Procedures  tor  recording  these  measures  are  described  in 
detail  next. 

Circadian  Rhvthms 

Endogenous  melatonin.  Salivary  melatonin  was  recorded  in  pg/mL  by  radioimmunoassay 
("Melatonin  Direct".  Elias  USA.  Osceola.  Wl.  USA).  Specifically,  melatonin  was  recorded  by 
collecting  2  ml  of  unstimulated  saliva  into  polystyrene  tubes.  These  samples  were  immediately 
centrifuged  and  stored  at  <  0  °C.  They  were  subsequently  thawed  and  assayed  for  melatonin 
content.  Saliva  was  sampled  every  60  min  throughout  Experiment  1  and  ever}'  60  min  during  the 
night  (2000-0800  hr)  in  Experiment  2.  A  60-min  sampling  rate  was  chosen  since  it  is  sufficient 
to  detect  changes  in  melatonin  (e.g.,  Lewy  &  Sack.  1989)  without  being  arduous  tor  the 
participants.  The  range  of  this  assay  is  1.0  to  300.0  pg/mL  and  its  accuracy  is  -  1  pg/mL. 

Body  temperature.  Tympanic  temperature  was  recorded  in  'C  by  infrared  measurement  ot 
the  temperature  of  tympanic  membrane  ("FirstTemp".  Intelligent  Medical  Systems.  Carlsbad. 

CA.  USA).  Temperature  was  recorded  every  60  min  throughout  the  experiment.  A  60-min 
sampling  rate  was  chosen  to  be  comparable  with  the  melatonin  data.  The  range  ot  this 
thermometer  is  0.0  to  100.0  °C  and  its  accuracy  is  0.1  'C. 


Behavior 


Alertness.  Alertness  was  assessed  by  both  objective  and  subjective  measures.  Objective 
measures  included  the  Maintenance  of  Wakefulness  Test  (MWT:  Mitler  et  al..  1982)  and  time- 
senes  analysis  of  the  EEG.  The  MWT  required  subjects  to  attempt  to  remain  awake  while  sitting 
without  moving  in  a  quiet  and  isolated  room.  During  this  test,  the  EEG.  EOG,  and  EMG  of  the 
subjects  was  recorded  using  a  polvsomnograph  ("Model  78  .  Grass  Instrument.  Quincy,  MA, 
USA).  The  test  was  terminated  either  when  the  subject  tell  asleep  (i.e..  exhibited  Stage  II  Sleep 
for  30  s  according  to  Rechtschaffen  &  Kales.  1968  cntena)  or  when  15  min  elapsed.  The  EEG 
data  for  the  time-series  analysis  were  collected  for  1  min  with  the  subjects  sitting  without  moving 
in  a  quiet  and  isolated  room.  Subjects  were  instructed  to  keep  their  eyes  closed  to  avoid  eye 
blink  artifact.  These  data  were  analyzed  by  spectral  analysis  (  Rhythm  .  Stellate  Systems, 
Westmount.  Quebec.  Canada).  The  Stanford  Sleepiness  Scale  (SSS:  Hoddes  et  al..  1973)  was 
administered  to  test  for  subjective  sleepiness.  The  SSS  required  subjects  to  indicate  which  ot 
seven  items  on  an  increasing  scale  of  sleepiness  best  described  how  they  currently  felt.  All  three 
alertness  measures  were  taken  every  3  hr  during  the  nighttime  (i.e..  Experiment  1.  -100-0900  hr. 
Experiment  2:2000-0800  hr).  The  different  measures  were  not  administered  sequentially  to 
allow  alertness  assessment  at  different  times  within  the  3-hr  period.  A  a-hr  sampling  rate  was 
chosen  since  it  is  sufficient  to  detect  changes  in  alertness  and  pertormance  (Gilloolv  et  al.,  1990) 
without  being  arduous  for  the  participants. 

Performance.  A  battery  of  computer  and  paper-and-pencil  tasks  were  utilized  to  assess 
cognitive  performance.  These  tasks  are  listed  and  described  in  APPENDIX  F  .  Subjects  were 
trained  on  these  tasks  a  minimum  of  five  hours  prior  to  the  first  nighttime  testing  in  order  to 
assure  asymptotic  levels  of  performance.  In  addition,  if  a  subject  was  still  improving  on  a  task 
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( i.e..  -•  10%  :mr"ovement  from  one  practice  trial  to  the  next),  then  additional  training  on  that  task 
was  pro1,  dec  ~attery  of  tasks  was  compiled  from  the  Walter  Reed  Performance  Assessment 
Battery  (Them .  '  985).  the  Unified  Triservices  Cognitive  Performance  Assessment  Battery 

(personal  com.  -n  TR.  Thome,  July  23.  1990),  and  in-house  programs  based  on 

validated  perform;  u  ’s.  The  computer-based  measures  included:  Procedural  Memory 

Test.  Continous  Recogi  :.  Switching  Task,  Dual  Task,  and  Probed  Memory  Recall  Test 

(Dinges  et  al..  1993).  The  t  -  divided  into  two  parts  and  each  section  required 

approximately  20-30  min  to  coi.  mer-and-pencil  tasks  included:  Thurstone  Word 


Fluency  Task. 

Practice  effects  Experiment  2 

As  noted,  subjects  practiced  the  tasks  for  at  ro  ensure  asymptotic  performance  prior 

to  assessment  under  the  treatment  conditions.  Stalls.  '  throughput  and  the  other 

select  measures  for  the  last  practice  trial  on  Day  1  were  examined  lor  condition  differences  using 
^  *•  (Drug  Condition  x  Light  Condition)  ANOVA  test.  No  significant  differences  between 


conditions  were  oK- 


*  -fer-a  significant  main  effect  of  Drug  for 


one  measure— Switcmng  i ....  -  066).  Examination  of 

the  planned  comparisons  for  the  latter  task  showed  no  significant  .  mong  the  groups 

at  the  last  practice. 

Design 


Please  refer  to  Design  section  in  Main  Body 
Procedure 


The  testing  session  began  at  2030  hr  Thursday  and  continued  untii  1030  hr  Sunday.  Subjects 
arrived  at  the  laboratory  by  2000  hr  Thursday.  After  giving  written  consent  indicating  their 
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willingness  to  participate  in  the  experiment  and  completing  the  forms  described  above,  the 
requirements  of  the  ensuing  expenment  were  explatned  to  the  subjects,  they  acclimatized  to  the 
laboratory,  and  they  retired  a,  0030  hr.  After  being  given  the  opportuntty  to  sleep  for  10  hr  in  a 
sound-  and  light-artenuated  room,  the  participants  were  awakened  and  a  48-hr  period  ot  sleep 
deprivation  began.  During  this  penod.  a  cons™,  routtne  was  enforced  with  no  „me  cues  being 
provided  to  the  parttcipants.  The  subjects  remained  inacttve  (i.e..  seated!  and  read  matenals  of 
their  choice  throughout  the  expenment.  Participants  were  tested  in  pairs  with  limned  social 
interaction  betng  permuted.  Photic  stimulation  ustng  bnght  light  ,>_  2.500  luxt  was  achteved  by 
having  the  parttcipants  si.  about  1  m  directly  front  of  two  cool-white  light  sources  1  Apollo 
Light  Systems.  Orem.  UT.  USA)  Expenment  1:  Subjects  in  Experiment  2  received  bngh,  light 
from  four  cool-white  light  sources  1  Apollo  Light  Systems.  Orem.  UT.  USA:  Lighttng  Resources, 


Columbus.  OH.  USA)  2  placed  about  I  m  directly  in  front  of  subjects  and  two  placed  off  to  die 
side.  In  addition,  three  500  watt  halogen  lamps  were  used  to  illuminate  the  rest  of  the  room. 
Exposure  to  bngh.  light  occurred  from  2100  to  0900  hr-Expertmen,  1  and  from  2000-0800  hr- 
2.  Otherwise,  subjects  were  exposed  to  dim  light  .<  100  lux,.  A  stantng  point  for 

hr  was  chosen  since  it  is  prior  to  melatonin  onset  and 
after  melatonin  otfset.  Administration 


Expenment 

the  exposure  to  bright  light  ot  2100  or  2000 
a  finishing  point  of  0900  or  0800  hr  was  chosen  since  it  is 


of  NS  AIDs.  caffeine  and  placebo  was  double  blind  and  occurred  at  2100  and  OjOO  hr  Exp 
1  and  at  2100  and  0200  hr-Experiment  2  each  night.  These  times  were  chosen  to  be  comp 
,o  the  exposure  to  bright  light.  The  administration  of  two  doses  o.'NSAlDs  and  caffeine  6  hr 
apart  was  chosen  due  to  the  approximate  6-hr  half  life  ot  the  drugs  (Lieberman.  199..  Surra 
al.  1 987).  Unauthorized  sleeping,  eating,  and  excessive  movements  were  no.  permitted. 
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Compliance  with  these  instructions  was  monitored  by  presence  ot  an  experimenter  and  by 
camera.  Every  3  hr.  subjects  were  allowed  a  snack.  The  snack  consisted  ot  a  variety  ot  foods  and 
beverages  totaling  approximately  aOO  calories.  Subjects  were  not  allowed  to  leave  the 
experimental  room  during  this  break  unless  it  was  necessary  to  use  the  restroom.  At  1700  hr 
each  day.  several  sensors  (Beckman-type,  silver-silver  chloride  electrodes)  were  applied  to  the 
subjects'  face  and  scalp  to  record  the  electrical  activity  ot  the  brain,  eyes,  and  muscles.  These 
sensors  were  removed  at  0930  hr  each  day. 
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APPENDIX  F 


Table  6 

List  of  Tasks  and  Measures 

Dual  Task 
Switching  Task 

Procedural  Memory 
Basic  Block 
Coded  Block 

Reaction  Time  Task 
(Time  Uncertainty  Block) 

Continuous  Recognition 

Two-Column  Addition 

Digit  Recall 

Probed  Force  Memory  Recall 
Thurstone 

Wilkinson  Four  Choice 
Reaction  Time 

Modified  Psvchomotor 
Vigilance  Task 


Performance  Tasks 


Throughput.  Control  Losses.  RMS.  Accuracy,  Speed 

Math  Throughput.  Math  Reaction  Time.  Math  Mean  Correct 
Reaction  Time.  Mannequin  Throughput.  Mannequin  Reaction 
Time,  Mannequin  Mean  Correct  Reaction  Time. 

Throughput.  Accuracy,  Speed 
Throughput.  Accuracy,  Speed 

Throughput.  Accuracy,  Speed.  0/oincorrect.  %lapses. 
Throughput.  %correct.  Reaction  Time 
Throughput.  Accuracy,  Speed 
Throughput.  Accuracy,  Speed 

Strong  Associates  Recalled.  Weak  Associates  Recalled 
Number  of  Words  Generated 

Throughput.  Accuracy.  Speed 

Reaction  Time 
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Alertness  and  Performance:  Description  of  Tasks 


Dual  Task 

This  is  a  task  of  divided  attention.  Subjects  are  required  to  perform  concurrently  two  tasks: 
Unstable  Tracking  and  Memory'  Search.  In  the  tracking  task,  the  subjects  objective  is  to  keep  a 
cursor  centered  on  a  target  area  in  the  middle  of  the  monitor  screen.  The  cursor  is  controlled  by 
moving  the  mouse.  The  cursor  initially  appears  on  the  central  target,  but  tends  to  move 
horizontally  away  from  this  position.  The  subjects  try  to  keep  it  centered  over  the  target  at  all 
times.  If  it  reaches  the  boundary  line,  it  will  reappear  at  the  target  position  and  begin  moving 
away  again.  While  subjects  are  controlling  the  cursor,  they  are  required  to  respond  to  test  letters 
in  the  memory  search  component  of  the  task.  Subjects  are  shown  a  memory'  set  that  will 
contain  two  letters,  which  they  are  allowed  to  look  at  tor  as  long  as  they  wish.  When  they  have 
memorized  this  set.  they  press  one  of  the  response  keys  and  the  tracking  task  begins 
immediately.  After  a  few  seconds,  the  memory  set  disappears  and  the  subjects  are  shown  a  series 
of  single  test  letters  and  must  decide  whether  each  test  letter  is  one  ot  the  letters  in  the  memory 
set.  If  subjects  do  not  respond  to  a  test  letter  within  a  certain  time,  the  next  letter  will  appear. 
Switching  Task 

This  is  a  test  of  attention  switching  requiring  spatial  processing  and  working  memory.  In  this 
task,  subjects  must  alternate  between  two  tasks  presented  simultaneously.  The  screen  is  divided 
such  that  the  Mannequin  Task  is  presented  on  the  left  half  ot  the  screen,  and  the  Mathematical 
Processing  Task  is  presented  on  the  right  half.  At  the  bottom  center  ot  the  screen  is  a  bar.  used  to 
indicate  which  task  subjects  are  to  perform.  The  current  task  is  indicated  by  the  solid  side  ot  the 
bar.  In  the  Mannequin  task,  a  stick-like  figure  is  presented  holding  a  circle  in  one  hand,  and  a 
square  in  the  other.  At  the  feet  of  the  mannequin,  either  a  circle  or  a  square  is  shown  in  a  box. 
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The  subjects  task  is  to  match  the  object  in  the  box  with  the  corresponding  object  in  the 
mannequin's  hands,  and  determine  which  hand  the  mannequin  is  holding  the  object  in.  The 
objects  will  not  always  be  placed  in  the  same  hand  and  the  orientation  ot  the  mannequin  will 
change.  The  mannequin  will  be  presented  face  forward,  upright  and  upside  down,  and  face 
backward,  upright  and  upside  down. 

In  Mathematical  Processing  Task,  subjects  must  solve  a  number  of  simple  addition  and 
subtraction  problems  to  determine  whether  the  correct  answer  is  less  or  greater  than  5.  The 
problems  appear  one  at  a  time  on  the  screen.  Each  problem  requires  two  operations  (addition 
and/or  subtraction). 

Procedural  Memory  -  Procedural  Reaction  Time 

Basic  Block.  This  task  is  a  test  of  mental  efficiency  and  reaction  time.  Single  numbers  are 
displayed  one  after  the  other.  There  are  four  numbers  [2  .3  4.  5]  to  respond  to:  2  and  3  represent 
low  numbers:  4  and  5  represent  high  numbers.  Subjects  are  required  to  respond  to  the  high 
numbers  with  one  key  and  low  number  with  another.  Numbers  appear  every  2  s. 

Coded  Block.  This  task  is  the  similar  to  the  basic  block  with  the  additional  difficulty  that  the 
numbers  are  distorted. 

Reaction  Time  Task  (Time  Uncertainty  Block) 

This  test  is  similar  to  the  Procedural  Memory  -  Procedural  Reaction  Time  basic  block  with 
additional  difficulties:  Numbers  appear  on  the  left  or  nght  side  of  the  screen  and  subjects  must 
respond  with  the  corresponding  hand.  In  addition,  numbers  are  presented  at  irregular  intervals. 


Continuous  Recognition  Task 

This  is  a  test  of  working  or  short  term  memory’.  Subjects  are  presented  with  a  series  of  two 
numbers,  one  appearing  above  the  other.  Their  task  is  to  memorize  the  bottom  number,  an 
decide  whether  the  top  number  is  the  same  as  the  bottom  number  that  was  memorized  one  screen 

earlier. 
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For  example,  if  the  stimuli  were: 

Screen  1  Screen  2  Screen  3  Screen  4 

0  4  7  3_ 

4  7  2  1 

the  correct  responses  would  be: 

Screen  1  -  either  "same"  or  "different"  (neither  response  is  incorrect 
because  there  is  nothing  one  screen  back  trom  the  first  screen) 

Screen  2  —  "same "  because  the  top  "4"  matches  the  bottom  '4  on  Screen  1. 

Screen  3  —  "same"  because  the  "7"  on  top  matches  the  bottom  "7"  on  Screen  2. 

Screen  4  --  "different"  because  the  "3"  does  not  match  the  ”2"  on  Screen  3. 

Two-Column  Addition 

A  subject-paced  mental  arithmetic  task.  Five  two-digit  numbers  are  presented  simultaneously 
in  column  format  m  the  center  of  the  screen.  The  subject  determines  their  sum  as  rapidly  as 
possible  and  enters  it  from  the  keyboard,  beginning  with  the  hundreds  digit.  The  column  of  digits 
disappears  with  the  first  key  entry,  and  no  aids  for  the  carry  operation  are  allowed. 

Digit  Recall 

A  test  of  short-term  memory  capacity.  Nine  random  digits  are  displayed  simultaneously  in 
row  across  the  center  of  the  screen  for  one  second.  After  a  three  second  blank  retention  interval 
eight  of  the  original  nine  digits  are  re-displaved  in  a  different  random  order  and  the  subject  enters 
the  missing  digit.  A  given  digit  may  appear  no  more  than  twice  on  each  trial,  although  subjects 
are  not  informed  of  nor  usually  aware  of  this  constraint. 

Probed  Force  Memory  Recall 
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This  is  a  test  of  delayed  memory  recall.  Subjects  are  presented  with  rour  word  pairs.  Two  of 
the  pairs  have  a  high  degree  of  relatedness  and  two  have  a  low  degree  or  relatedness.  After  the 
word  pairs  are  memorized  subject  complete  a  10  min  performance  vigilance  test  and  then  are 
tested  for  recall.  Subjects  are  presented  with  the  first  ot  each  word  pair  in  a  different  order  than 
originally  presented  and  asked  to  give  the  matching  word. 

Thurstone 

This  is  a  test  of  word  creation.  Subjects  are  presented  with  a  suffix  and  asked  to  write  down  as 
many  words  they  can  think  of  that  end  with  that  suffix.  Subjects  have  3  minutes  to  complete  the 
task. 

Wilkinson  Four-Choice  Serial  Reaction  Time 

This  is  a  simple  test  of  continuous  reaction  time.  The  subject  is  presented  with  a  box  on  the 
computer  screen  made  up  of  four  quadrants.  A  single  quadrant  is  illuminated  randomly  and  the 
subject  is  to  press  the  corresponding  button  on  the  computer  keyboard  as  quickly  as  possible, 
thereby  initiating  the  next  trial. 

Modified  Psychomotor  Vigilance  Test 

This  is  a  test  of  simple  reaction  time  with  a  time  delay  between  stimulus  presentation. 
Subjects  are  required  to  respond  to  a  circle  appearing  in  the  middle  ot  the  computer  screen  as 
quickly  as  possible.  Stimuli  appear  randomly  every  3  to  17  s.  The  task  takes  10  min  to 
complete. 
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Maintenance  of  Wakefulness  Test 

This  is  a  test  of  the  subjects  ability'  to  maintain  wakefulness.  Subjects  are  placed  in  a  position 
conducive  to  sleep  (reclined  in  a  lazy  boy  chair),  told  to  keep  their  eyes  open  and  are  informed 
that  their  task  is  to  remain  awake  (Mitler.  1982). 

Spectral  Analysis  of  the  EEG 

This  is  a  test  of  subjects  brain  activity.  Subjects  are  required  to  sit  still  for  one  minute  (eyes 
closed)  while  their  brain  activity  is  monitored.  Higher  levels  ot  Delta  and  Theta  EEG  activity  are 
typically  associated  with  sleepiness  or  the  transition  to  sleep  and  higher  levels  ot  Alpha  and  Beta 
EEG  with  wakefulness  (e.g.,  Wright,  Badia  and  Wauquier.  1995). 

Stanford  Sleepiness  Scale  - 

Seven  statements  are  displayed  regarding  subjective  fatigue.  Subjects  pick  the  one  best 
describing  the  state  they  are  in. 
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Results 

Experiment  1 :  Bright  Light  and  NSA1D  Effects 
Hypothesis  1 :  Treatment  Effects  on  Circadian  Rhythms  (Melatonin  and  Temperature). 

Hypothesis  1  was  tested  by  measuring  the  effects  of  bright  light  and  NSAIDs  on  the  circadian 
rhythms  of  melatonin  and  temperature. 

Hypothesis  la 

Hypothesis.  Exposure  to  bright  light  stimulation  during  the  nocturnal  hours  ot  Nights  1  and  2 
will  suppress  melatonin  and  will  attenuate  the  decrease  in  Nighttime  temperature  relative  to 
exposure  to  dim  light  stimulation.  A  related  hypothesis  was  that  these  effects  will  occur  in  a 
similar  manner  during  both  Nights  1  and  2. 

Hypothesis  la  was  statistically  evaluated  in  the  following  manner  and  the  results  obtained  are 
presented  in  detail  on  the  following  pages. 

Statistical  Evaluation.  Difference  scores  were  calculated  on  an  individual  subject  basis  for 
each  Condition  and  for  each  Night  by  defining  the  meiatonin/ temperature  raw  score  obtained  at 
2100  hr  as  zero  and  then  subtracting  this  raw  score  from  each  subsequent  melatonin  raw  score. 
This  procedure  produced  a  set  of  12  difference  scores  tor  each  Condition  and  for  each  Night 
since  melatonin/temperature  was  sampled  hourly  from  2100  until  0900  hr.  Difference  scores 
were  used  since  there  were  large  inter-individual  differences  in  melatonin  and  temperature  levels. 
Only  the  data  obtained  during  the  nighttime  hours.  2100-0900  hr.  were  used  to  test  this  and 
similar  hypotheses,  since  they  concern  the  immediate  effects  of  photic  stimulation  or  NSAIDs 
and  that  interval  is  when  one  of  the  two  groups  was  administered  a  treatment.  Difference  scores 
obtained  under  bright  light  (BLN1/BLN2)  were  compared  to  those  obtained  under  dim  light 
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(DLN1/DLN2)  with  a  2  x  2  x  12  (Night  x  Condition  x  Time  of  Night)  analysis  of  variance  for 
repeated  measures  test  (mixed  design).  Additional  statistical  tests  included  a  2  x  12  (Condition  x 
Time  of  Night)  analysis  of  variance  for  repeated  measures  (mixed  design)  conducted  for  each 
Night  separately  (Nl:  BLN1/BLN2  versus  DLN1/DLN2;  Nl:  BLN1/DLN2  versus 
DLN1/DLN2;  N2:  BLN1/BLN2  versus  DLN1/DLN2)  and  a  one-way  analysis  of  variance 
(between-subjects  design)  conducted  at  each  Time  of  Night  to  determine  at  which  clock  times  the 
data  obtained  under  bright  and  dim  light  differed.  A  significant  Condition  x  Time  of  Night 
interaction  (i.e..  p  <  .05  with  Greenhouse-Geisser  degrees  of  freedom  correction)  (or  a  significant 
main  effect  of  Condition  lobtained  for  both  Nights  w*as  considered  confirmation  of  Hypothesis  la 
provided  the  differences  were  in  the  predicted  direction  (i.e.,  difference  scores  obtained  under 
bright  light  were  smaller  for  melatonin  and  larger  for  temperature  than  those  obtained  under  dim 
light  on  both  Nights).  A  nonsignificant  effect  of  Night  in  the  three-way  analysis  was  predicted 
and  it,  along  with  significant  bright  light  effects  on  Nights  1  and  2,  was  considered  an  indication 
that  the  bright  light  was  effective  across  consecutive  24-hr  periods. 

Results.  The  next  sections  describe  the  results  obtained  for  melatonin  and  those  obtained  for 
temperature. 

Melatonin.  Table  7  presents  the  analysis  of  variance  table  tor  the  Night  x  Condition  x  Time  of 
Night  test  comparing  the  BLNl/BLN2and  DLN1/DLN2  groups.  As  evident  in  the  table,  there 
was  neither  a  significant  effect  of  Night  nor  a  significant  interaction  with  Night.  Table  8  presents 
the  analysis  of  variance  table  for  the  Condition  x  Time  ot  Night  test  comparing  the  BLN1/BLN2 
and  DLN1/DLN2  groups  on  Night  1.  As  evident  in  the  table,  there  were  significant  Condition 
and  Time  of  Night  effects  as  well  as  a  significant  Condition  x  Time  of  Night  interaction. 
Examination  of  Figure  1  reveals  that  the  effect  of  Condition  was  the  result  of  lower  melatonin 
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levels  under  bright  light.  Post-hoc  tests  indicated  that  melatonin  was  significantly  lower  under 
bright  light  from  0100  until  0900  hr.  Table  9  presents  the  analysis  of  variance  table  for  the 
Condition  x  Time  of  Night  test  comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups  on  Night  2. 
As  evident  in  the  table,  there  were  significant  Condition  and  Time  ot  Night  effects.  Examination 
of  Figure  3  reveals  that  the  effect  of  Condition  was  the  result  ot  lower  melatonin  levels  under 
bright  light.  Post-hoc  tests  indicated  that  melatonin  was  significantly  lower  under  bright  light 
from  0100  until  0900  hr.  Table  10  presents  the  analysis  of  variance  table  for  the  Condition  x 
Time  of  Night  test  comparing  the  BLN1/DLN2  and  DLN1/DLN2  groups  on  Night  1.  As  evident 
in  the  table,  there  were  significant  Condition  and  Time  of  Night  etfects  was  well  as  a  significant 
interaction.  Examination  of  Figure  1  reveals  that  the  effect  of  Condition  was  the  result  of  lower 
melatonin  levels  under  bright  light.  Post-hoc  tests  indicated  that  melatonin  was  significantly 
lower  under  bright  light  from  0100  until  0800  hr. 


Table  7 

Results  of  the  Night  x  Condition  x  Time  of  Night  Test  Comparing  the  Melatonin  Data  in  the  BLN1/BLN2  and 


DLN1/DLN2  Groups  on  Both  Nights 


SOURCE 

SUM  OF 

D.F. 

MEAN 

F 

TAIL 

G-G 

SQUARES 

SQUARE 

PROB. 

PROB. 

COND 

25840.66077 

1 

25840.66077 

22.87 

0.0002 

■ 

ERROR 

19207.88444 

17 

1129.87556 

NIGH 

7.50359 

1 

7.50359 

0.03 

0.8726 

- 

NC 

5.51923 

1 

5.51923 

0.02 

0.8906 

- 

ERROR 

4815.05122 

17 

283.23831 

TIME 

9845.59576 

11 

895.05416 

7.51 

0.0000 

0.0009 

TC 

3092.92194 

11 

281.17472 

2.36 

0.0095 

0.0979 

ERROR 

22291.71868 

187 

1 19.20705 

NT 

1002.03265 

11 

91.09388 

1.79 

0.0578 

0.1334 

NTC 

766.30031 

11 

69.66366 

1.37 

0.1897 

0.2495 

ERROR 

9504.41366 

187 

50.82574 

G-3 


Table  8 


Results  of  the  Condition  x  Time  of  Night  Test  Comparing  the  Melatonin  Data  in  the  BLN1  BLN2  and 


DLN1.DLN2  Groups  on  Night  I. 


SOURCE 

SUM  OF 

D.F. 

MEAN  F 

TAIL  G-G 

SQUARES 

SQUARE 

PROB.  PROB. 

COND 

12545.43852 

! 

12545.43852  19.97 

0.0003  - 

ERROR 

10681.06980 

17 

628.29822 

TIME 

4389.65786 

11 

399.05981  5.46 

0.0000  0.0035 

TC 

2567.26568 

li 

233.38779  3.19 

0.0005  0.0363 

ERROR 

13671.95750 

187 

73.11207 

Table  9 

Resuits  of  the 

Condition  x  Time 

of  Nieht 

Test  Comparing  the  Melatonin  Data  in  the  BLN1/BLN2  and  DLN1/DLN2 

Groups  on  Night  2. 


SOURCE 

SUM  OF 

D.F. 

MEAN 

SQUARES 

SQUARE 

COND 

13300.74148 

1 

13300.74148 

ERROR 

13341.86587 

17 

784.81564 

TIME 

6457.97056 

1 1 

587.08823 

TC 

1291.95656 

1 1 

117.45060 

ERROR 

18124.17484 

187 

96.92072 

Table  10 

Results  of  the  Condition  x  Time  ot  Night  Test  Comparing  the 


Groups  on  Night  I . 


SOURCE 

SUM  OF 

D.F. 

MEAN 

SQUARES 

SQUARE 

COND 

17946.39071 

1 

17946.39071 

ERROR 

13620.65341 

17 

801.21491 

TIME 

3998.94711 

11 

363.54065 

TC 

3020.89350 

11 

274.62668 

ERROR 

14389.09148 

187 

76.94701 

F  TAIL  G-G 

PROB.  PROB. 
16.95  0.0007  - 


6.06  0.0000  0.0006 

1.21  0.2816  0.3147 


Melatonin  Data  in  the  BLN1-DLN2  and  DLN1TDLN2 


F  TAIL 

G-G 

PROB. 

PROB 

22.40  0.0002 

- 

4.72 

0.0000 

0.0065 

3.57 

0.0001 

0.0224 

G-4 


Temperature.  Table  1 1  presents  the  analysis  of  variance  table  for  the  Night  x  Condition  x 
Time  of  Night  test  comparing  the  B L N 1  /B LN 2and  DLN1-DLN2  groups.  As  evident  in  the  table, 
there  was  neither  a  significant  effect  of  Night  nor  a  significant  interaction  with  Night. 


Table  1 1 

Results  of  the  Night  x  Condition  x  Time  of  Night  test  Comparing  the  Temperature  Data  in  the  BLN1/BLN2  and 


DLN1/DLN2  Groups  on  Both  Nights 


SOURCE 

SUM  OF 
SQUARES 

D.F. 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

COND 

ERROR 

3.97306 

9.30191 

! 

18 

3.97306 

0.51677 

T69 

0.0125 

- 

NIGH 

NC 

ERROR 

0.00792 

0.00638 

2.35437 

1 

1 

18 

0.00792 

0.00638 

0.13080 

0.06 

0.05 

0.8084 

0.8277 

- 

TIME 

TC 

ERROR 

12.42150 

0.53689 

4.67874 

1 1 

1 1 

198 

1.12923 

0.04881 

0.02363 

47.79 

2.07 

0.0000 

0.0244 

0.0000 
0.091 1 

NT 

NTC 

ERROR 

0.09052 

0.19690 

2.54037 

1  l 

1  1 

198 

0.00823 

0.01790 

0.01283 

0.64 

1.40 

0.7919 

0.1774 

0.6563 

0.2378 

Table  12  presents  the  analysis  of  variance  table  tor  the  Condition  x  Time  ot  Night  test  comparing 
the  BLN1/BLN2  and  DLN1/DLN2  groups  on  Night  1.  As  evident  in  the  table,  there  were 


Table  12 

Results  of  the  Condition  x  Time  of  Night  Test  Comparing  the  Temperature  Data  in  the  BLN1/BLN2  and 


DLN 1/DLN2  Gtouds  on  Nisht  1 

SOURCE 

SUM  OF 

D.F. 

SQUARES 

COND 

1.83051 

1 

ERROR 

7.04678 

18 

TIME 

6.35990 

11 

TC 

0.14273 

11 

ERROR 

3.33229 

198 

MEAN 

F 

TAIL 

G-G 

SQUARE 

PROB. 

PROB. 

1.83051 

0.39149 

4.68 

0.0443 

0.57817 

34.35 

0.0000 

0.0000 

0.01298 

0.01683 

0.77 

0.6687 

0.5657 

G-5 


significant  Condition  and  Time  ot  Night  effects.  Examination  ot  Figure  2  reveals  that  the  effect 
of  Condition  was  the  result  of  higher  temperature  levels  under  bright  light.  Post-hoc  tests 
indicated  that  temperature  was  significantly  higher  under  bright  light  at  2300.  2400.  0100,  0300. 
and  0600  hr.  Table  13  presents  the  analysis  of  variance  table  for  the  Condition  x  Time  of  Night 
test  comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups  on  Night  2.  As  evident  in  the 


Table  13 

Results  of  the  Condition  x  Time  of  Night  Test  Comparing  the  Temperature  Data  in  the  BLN1  BLN2  and 
DLN1/DLN2  Groups  on  Night  2 


SOURCE 

SUM  OF 
SQUARES 

D.F. 

COND 

2.14893 

i 

ERROR 

4.60950 

18 

TIME 

6.15211 

11 

TC 

0.59105 

11 

ERROR 

3.88683 

198 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

2.14893 

0.25608 

8.39 

0.0096 

- 

0.55928 

28.49 

0.0000 

0.0000 

0.05373 

0.01963 

2.74 

0.0026 

0.0271 

table,  there  were  significant  Condition  and  Time  ot  Night  etfects  as  well  as  a  significant 
Condition  x  Time  of  Night  interaction.  Examination  ot  Figure  4  reveals  that  the  effect  ot 
Condition  was  the  result  of  higher  temperature  levels  under  bright  light.  Post-hoc  tests  indicated 
that  temperature  was  significantly  higher  under  bright  light  trom  0100  until  0700  hr.  Table  14 
presents  the  analysis  of  variance  table  for  the  Condition  x  Time  ot  Night  test  comparing  the 
BLN1/DLN2  and  DLN1/DLN2  groups  on  Night  1 .  As  evident  in  the  table,  there  were 
significant  Condition  and  Time  of  Night  effects  as  well  as  a  significant  Condition  x  Time  of 
Night  interaction.  Examination  of  Figure  2  reveals  that  the  effect  ot  Condition  was  the  result  of 
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higher  temperature  levels  under  bright  light.  Post-hoc  tests  indicated  that  temperature  was 
significantly  higher  under  bright  light  from  2300  until  0600  hr. 

Table  14 

Results  of  the  Condition  x  Time  of  Night  Test  Comparing  the  Temperature  Data  in  the  BLN1  DLN2  and 


DLN1/DLN2  Groups  on  Night  I 


SOURCE 

SUM  OF 
SQUARES 

D.F. 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

COND 

ERROR 

2.66493 

7.01986 

1 

18 

2.66493 

0.38999 

6.83 

0.0176 

- 

TIME 

6.66723 

1 1 

0.57884 

35.26 

0.0000 

0.0000 

TC 

ERROR 

0.61335 

3.25027 

1  1 

198 

0.05576 

0.01642 

3.40 

0.0002 

0.0096 

Hypothesis  lb 

Hypothesis.  NSAID  administration  on  Nights  1  and  2  will  suppress  melatonin  and  attenuate 
the  nighttime  decrease  in  temperature  relative  to  placebo  administration.  A  related  hypothesis 
was  that  these  effects  will  occur  in  a  similar  manner  across  both  nights. 

Hypothesis  lb  was  statistically  evaluated  in  the  following  manner  and  the  results  obtained  are 
presented  in  detail  on  the  following  pages. 

Statistical  Evaluation.  Difference  scores  were  calculated  in  a  manner  similar  to  that  descnbed 
for  Hypothesis  la.  Difference  scores  obtained  during  NSAID  administration  (NSN1/NSN2)  were 
compared  to  those  obtained  during  placebo  administration  (DLN1/DLN2)  with  a  _  x  2  x  12 
(Night  x  Condition  x  Time  of  Night)  analysis  of  variance  for  repeated  measures  test  (mixed 
design).  Additional  statistical  tests  included  a  2  x  12  (Condition  x  Time  ot  Night)  analysis  of 
variance  for  repeated  measures  (mixed  design)  conducted  for  each  Night  separately  and  a  one¬ 
way  analysis  of  variance  (between-subjects  design)  conducted  for  each  Time  ot  Night  to 
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determine  at  which  clock  times  the  data  obtained  in  the  two  groups  differed.  A  significant 
Condition  x  Time  of  interaction  (i.e..  jd  <  .05  with  Greenhouse-Geisser  degrees  ot  freedom 
correction)  obtained  for  both  Nights  was  considered  confirmation  ot  Hypothesis  lb  provided  the 
differences  wrere  in  the  predicted  direction  (i.e..  difference  scores  obtained  during  NS  AID 
administration  were  smaller  for  melatonin  and  larger  tor  temperature  than  those  obtained  during 
placebo  administration  on  both  Nights).  A  nonsignificant  etfect  of  Night  in  the  three-way 
analysis  was  predicted  and  it.  along  with  significant  NS  AID  effects  on  Nights  1  and  2,  was 
considered  an  indication  that  the  NSAID  was  effective  across  consecutive  24-hr  periods. 

Results:  The  next  sections  describe  the  results  obtained  for  melatonin  and  those  obtained  for 
temperature. 

Melatonin.  Table  15  presents  the  analysis  of  variance  table  for  the  Night  x  Condition  x  Time 
of  Night  test  comparing  the  BLNl/BLN2and  DLN1/DLN2  groups.  As  evident  in  the  table,  there 


Table  15 

Results  of  the  Night  x  Condition  x  Time  of  Night  Test  Comparing  the  Melatonin  Data  ot  the  NSN1/NSN2  and 


DLN1/DLN2  Groups  on  Both  Niehts 

SOURCE 

SUM  OF 

D.F. 

SQUARES 

COND 

9392.24070 

1 

ERROR 

32068.38250 

18 

NIGH 

19.57380 

1 

NC 

93.16574 

1 

ERROR 

4266.72459 

18 

TIME 

16025.81660 

1 1 

TC 

880.41186 

11 

ERROR 

28078.98649 

198 

NT 

671.67262 

1 1 

NTC 

1148.78544 

11 

ERROR 

10205.88654 

198 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

9392.24070 

1781.5-681 

5.27 

0.0339 

- 

19.57380 

0.08 

0.7771 

- 

93.16574 

237.04025 

0.39 

0.5386 

1456.89242 

10.27 

0.0000 

0.0001 

80.03-44 

141.81306 

0.56 

0.8561 

0.6092 

61.06115 

1.18 

0.2997 

0.3239 

104.43504 

51.54488 

2.03 

0.0277 

0.0880 

G-8 


Table  16 


Results  of  the  Condition  x  Time  of  Night  Test  Comparing  the  Melatonin  Data  ot  the  MSN  1  NSN2  and 


DLN1/DLN2  Groups  on  Night  1 


SOURCE 

SUM  OF 
SQUARES 

D.F. 

COND 

3807.27012 

1 

ERROR 

18405.73309 

18 

TIME 

9826.95341 

i  1 

TC 

1227.62473 

11 

ERROR 

20354.42103 

198 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

3807.27012 

1022.54073 

3.72 

0.0696 

- 

893.35940 

8.69 

0.0000 

0.0000 

111.60225 

102.80011 

1.09 

0.3745 

0.3658 

was  neither  a  significant  effect  ot  Night  nor  a  significant  interaction  with  Night.  Table  16 
presents  the  analysis  of  variance  table  tor  the  Condition  x  Time  ot  Night  test  comparing  the 
NSN1/NSN2  and  DLN1  DLN2  groups  on  Night  1.  As  evident  in  the  table,  there  was  a  trend  for 
a  significant  Condition  effect  and  there  was  a  significant  Time  ot  Night  etfect.  Examination  of 
Figure  5  reveals  that  the  effect  ot  Condition  was  the  result  ot  lower  melatonin  levels  after  the 
administration  of  NSAIDs.  Post-hoc  tests  indicated  that  melatonin  w^as  significantly  lower  after 
NSAIDs  intake  at  0200  hr.  Table  17  presents  the  analysis  of  variance  table  for  the  Condition  x 
Time  of  Night  test  comparing  the  NSN1/NSN2  and  DLN1/DLN2  groups  on  Night  2.  As  evident 
Table  17 

Results  of  the  Condition  x  Time  of  Night  Test  Comparing  the  Melatonin  Data  of  the  NSN1/NSN2  and  DLN1/DLN2 
Groups  on  Nisht  2 


SOURCE 

SUM  OF 
SQUARES 

D.F. 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

COND 

ERROR 

5678.13632 

17929.37400 

1 

18 

5678.13632 

996.07633 

5.70 

0.0281 

- 

TIME 

6870.53581 

11 

624.59416 

6.90 

0.0000 

0.0005 

TC 

ERROR 

801.57256 

17930.45200 

11 

198 

72.87023 

90.55784 

0.80 

0.6353 

0.4986 
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in  the  table,  there  were  significant  Condition  and  Time  ot  Night  effects.  Examination  ot  Figure  5 
reveals  that  the  effect  of  Condition  was  the  result  of  lower  melatonin  levels  after  the 
administration  of  NSAIDs.  Post-hoc  tests  indicated  that  melatonin  was  significantly  lower  after 
NSAIDs  intake  from  0300until  0900  hr. 

Temperature.  Table  1 8  presents  the  analysis  of  variance  table  for  the  Night  x  Condition  x 
Time  of  Night  test  comparing  the  BLNl/BLN2and  DLN1/DLN2  groups.  As  evident  in  the  table, 
there  was  neither  a  significant  effect  of  Night  nor  a  significant  interaction  with  Night.  Table  19 
presents  the  analysis  of  variance  table  for  the  Condition  x  Time  ot  Night  test  comparing  the 
NSN1/NSN2  and  DLN1/DLN2  groups  on  Night  1 .  As  evident  in  the  table,  there  was  only  a 
significant  Time  of  Night  effect.  Table  20  presents  the  analysis  ot  variance  table  tor  the 
Condition  x  Time  of  Night  test  comparing  the  NSN1/NSN2  and  DLN1/DLN2  groups  on  Night  2. 
As  evident  in  the  table,  there  was  only  a  significant  Time  ot  Night  effect. 

Table  18 

Results  of  the  Night  x  Condition  x  Time  of  Night  Test  Comparing  the  Temperature  Data  ot  the  NSN1/NSN2  and 


DLN1/DLN2  Groups  on  Both  Nights 


SOURCE 

SUM  OF 

D.F. 

MEAN 

F 

TAIL 

G-G 

SQUARES 

SQUARE 

PROB. 

PROB. 

COND 

0.00063 

1 

0.00063 

0.00 

0.9732 

- 

ERROR 

9.79474 

18 

0.54415 

NIGH 

0.07525 

1 

0.07525 

0.59 

0.4534 

- 

NC 

0.08034 

1 

0.08034 

0.63 

0.4388 

- 

ERROR 

2.30685 

18 

0.12816 

TIME 

16.34963 

11 

1.48633 

38.59 

0.0000 

0.0000 

TC 

0.34515 

11 

0.03138 

0.81 

0.6254 

0.4731 

ERROR 

7.62619 

198 

0.03852 

NT 

0.09587 

11 

0.00872 

0.64 

0.7913 

0.6714 

NTC 

0.17359 

11 

0.01578 

1.16 

0.3155 

0.3337 

ERROR 

2.68795 

198 

0.01358 
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Table  19 


Results  of  the  Condition  x  Time  of  Night  Test  Comparing  the  Temperature  Data  NSNI  NSN2  and  DLN1/DLN2 


Groups  on  Night  1. 


SOURCE 

SUM  OF 
SQUARES 

D.F. 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

COND 

ERROR 

0.03337 

7.73398 

1 

18 

0.03337 

0.42967 

0.08 

0.7837 

- 

TIME 

8.46675 

11 

0.76970 

30.83 

0.0000 

0.0000 

TC 

ERROR 

0.29810 

4.94275 

11 

198 

0.02710 

0.02496 

1.09 

0.3745 

0.3626 

Table  20 

Results  of  the  Condition  x  Time  of  Night  Test  Comparing  the  Temperature  Data  ot  the  NSNI  NSN2  and 


DLN1/DLN2  Groups  on  Night  1 


SOURCE 

SUM  OF 
SQUARES 

D.F. 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

COND 

0.04760 

1 

0.04760 

0.20 

0.6631 

- 

ERROR 

4.36761 

18 

0.24264 

TIME 

TC 

7.97875 

0.22064 

11 

11 

0.72534 

0.02006 

26.74 

0.74 

0.0000 

0.6998 

0.0000 

0.5597 

ERROR 

5.37139 

198 

0.02713 

Hypothesis  lc 

Hypothesis.  Bright  light  stimulation  on  Night  1  will  reduce  the  circadian  amplitude  tor 
melatonin  and  temperature  during  dim  light  stimulation  on  Night  2  relative  to  subjects  receiving 
dim  light  stimulation  on  both  nights.  Two  related  hypotheses  were  also  tested  (at  bright  light 
stimulation  on  Night  1  will  reduce  the  circadian  amplitude  ot  melatonin  and  temperature  during 
dim  light  stimulation  on  Night  2  to  an  extent  similar  to  that  induced  in  subjects  receiving  bright 
light  stimulation  on  both  nights  and.  (b)  bright  light  stimulation  on  Night  1  will  not  affect  the 
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circadian  phase  of  melatonin  and  temperature  during  dim  light  stimulation  on  Night  2  relative  to 
subjects  receiving  either  dim  or  bright  light  stimulation  on  both  nights. 

Hypothesis  lc  was  statistically  evaluated  in  the  following  manner  and  the  results  obtained  are 
presented  in  detail  on  the  following  pages. 

Statistical  Evaluation.  Amplitude  and  phase  were  assessed  in  two  ways.  First,  difference 
scores  were  calculated  on  an  individual  subject  basis  for  each  Condition  and  for  each  Night  by 
definine  the  melatonia  temperature  raw  score  obtained  at  2100  hr  as  zero  and  then  subtracting 
this  raw  score  from  each  subsequent  melatonin  raw  score.  This  procedure  produced  a  set  of  12 
difference  scores  for  each  Condition  and  for  each  Night  since  melatonin/temperature  was 
sampled  hourly  from  2 1 00  until  0900  hr.  Difference  scores  were  used  since  there  were  large 
inter-individual  differences  in  melatonin  and  temperature  levels.  Only  the  data  obtained  during 
the  nighttime  hours.  2100-0900  hr.  were  used  to  test  this  hypothesis  since  this  interval  is  when 
the  bright  light  was  administered  on  Night  1 .  Difference  scores  obtained  under  dim  light  on 
Night  1  following  bright  light  on  Night  2  (BLN1/DLN2)  were  compared  to  those  obtained  under 
dim  light  on  Night  2  following  dim  light  on  Nightl  (DLN1/DLN2)  with  a  2  x  12  (Condition  x 
Time  of  Night)  analysis  of  variance  for  repeated  measures  test  (mixed  design).  An  additional 
statistical  test  was  a  2  x  12  (Condition  x  Time  of  Night)  analysis  of  variance  for  repeated 
measures  (mixed  design)  comparing  difference  scores  obtained  under  dim  light  on  Night  1 
following  bright  light  on  Night  2  (BLN1/DLN2)  and  those  obtained  under  bright  light  on  Night  2 
following  bright  light  on  Night  1  (BLN1/BLN2).  A  significant  Condition  x  Time  of  Night  inter¬ 
action  (i.e..  p  <  .05  with  Greenhouse-Geisser  degrees  of  freedom  correction)  (or  a  significant 
main  effect  of  Condition)  in  the  BLN  1/DLN2-DLN 1  /DLN2  analysis  and  a  nonsignificant 
interaction  (and  a  nonsignificant  main  effect  of  Condition)  in  the  BLN  1  /DLN2-BLN 1  /BLN2 
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analysis  were  considered  confirmation  ot  Hypothesis  lc  provided  the  ditferences  were  in  the 
predicted  direction  (i.e.,  difference  scores  obtained  under  dim  light  tollowing  bright  light  were 
smaller  than  those  obtained  under  dim  light  following  dim  light  and  similar  to  those  obtained 
under  bright  light  following  bright  light).  Second,  the  amplitude  and  phase  ol  the  melatonin  and 
temperature  rhythms  were  calculated  on  a  individual  subject  basis  using  the  0900-0900  hr  data 
for  each  24-hr  period.  These  values  were  obtained  using  the  method  of  Brown  and  Czeisler 
(1992).  This  method  is  based  on  the  least-squares  regression  ot  a  cosine  function  (Halberg  et  al., 
1967,  1972).  That  is.  a  cosine  waveform  was  best-fitted  to  each  circadian  rhythm  and  the 
difference  between  the  maximum  and  the  minimum  ot  that  wavetorm  (measured  in  pg/mL  for 
melatonin  and  in  °C  for  temperature)  was  the  amplitude  and  the  clock  time  (measured  in  hr)  ot 
the  fitted  peak  of  melatonin  or  the  fitted  trough  of  temperature  was  the  phase.  Amplitudes  and 
phases  obtained  in  the  BLN1/DLN2  group  were  compared  to  those  obtained  in  the  DLN1/DLN2 
group  and  to  those  obtained  in  the  BLN1/BLN2  group  with  a  two  separate  one-way  analyses  of 
variance  tests  (between-subjects  design)  for  Condition.  A  significant  etfect  ot  Condition  (i.e.,  p 
<  .05)  for  the  BLN  1/DLN2-DLN 1/DLN2  comparison  was  considered  confirmation  of 
Hypothesis  lc  provided  the  differences  were  in  the  predicted  direction  (i.e..  average  amplitude 
following  bright  light  was  less  than  that  tollowing  dim  light). 

Results.  The  next  sections  describe  the  results  obtained  tor  melatonin  and  those  obtained  for 

temperature. 

Melatonin.  Table  21  presents  the  results  of  the  difference  score  analysis.  As  evident  in  the 
table,  the  data  obtained  on  Night  2  in  the  BLNLDLN2  group  was  not  different  trom  that 
obtained  in  DLN1/DLN2  group  but  was  different  from  that  obtained  in  theBLNl/BLN2  group. 
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Examination  of  Figure  7  reveals  that  the  latter  etfect  was  the  result  ot  melatonin  being  lower 
under  bright  light  on  Night  2  than  under  dim  light  on  Night  2. 


Table  21 

Results  of  the  Condition  x  Time  of  Night  Test  Comparing  the  Melatonin  Difference  Scores  Obtained  in  (a)  the 
BLN1/DLN2  and  DLN1  DLN2  Groups  on  Night  2  ana  (b)  the  BLNl/DLN2_and  BLN1  BLN2  Groups  on  Night  2 


BLN1/DLN2  versus  DLN1/DLN2 


SOURCE 

SUM  OF 
SQUARES 

D.F. 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

COND 

ERROR 

1866.30928 

15888.11088 

1 

17 

1866.30928 

934.59476 

2.00 

0.1757 

- 

TIME 

TC 

ERROR 

10062.15122 

1570.70601 

30826.08977 

11 

1 1 

187 

914.74102 

142.79146 

164.84540 

5.55 

0.87 

0.0000 

0.5745 

0.0006 

0.4898 

BLN1/DLN2  versus  BLN1/BLN2 

SOURCE 

SUM  OF 
SQUARES 

D.F. 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

G-G 

PROB. 

COND 

ERROR 

4943.00098 

9638.93700 

1 

16 

4943.00098 

602.43356 

8.21 

0.0112 

- 

TIME 

TC 

ERROR 

6929.78456 

993.34508 

20874.59538 

11 

11 

176 

629.98041 

90.30410 

118.60566 

5.31 

0.76 

0.0000 

0.6781 

0.0018 

0.5365 

Table  22  presents  the  results  of  the  circadian  phase  analysis.  As  evident  in  the  table,  no 


significant  difference  between  the  amplitude  obtained  on  Night  2  in  the  BLN1/DLN2  group  (M 


12.52  pg/mL)  and  that  obtained  in  the  DLNTDLN2  group  (M  =  20.97  pg/mL)  was  noted. 


Similarly,  no  significant  difference  between  the  amplitude  obtained  on  Night  -  in  the 
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BLN1/DLN2  group  (M  =  12.52  pg/mL)  and  that  obtained  in  the  BLN1  BLN2  group  (M  =  7.01 
pg/mL)  was  noted. 


Table  22 


Results  of  the  Condition  Test  Comparing  the  Circadian  Amplitude  of  the  Melatonin  Rhvthm  Obtained  in  (a)  the 


BLN1/DLN2  and  DLN1/DLN2  Groups  on  Night  2  and  lb)  the  BLNKDLN2  and  BLNWBLN2  Groups  on  Night  2 


BLN1/DLN2  versus  DLN1/DLN2 

SOURCE 

SUM  OF  D.F. 

SQUARES 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

COND 

ERROR 

338.10675  1 

3314.06693  17 

338.10675  . 

194.94511 

1.73 

0.2053 

BLN1/DLN2  versus  BLN1/BLN2 

SOURCE 

SUM  OF  D.F. 

SQUARES 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

COND 

ERROR 

136.89609  I 

554.86209  16 

136.89609 

34.67888 

3.95 

0.0643 

Table  23  presents  the  results  of  the  circadian  amplitude  analysis.  As  evident  in  the  table,  no 
significant  difference  between  the  phase  obtained  on  Night  2  in  the  BLN1/DLN2  group  (M  - 
0553  hr)  and  that  obtained  in  the  DLN1/DLN2  group  (M  =  0518  hr)  was  noted.  Similarly,  no 
significant  difference  between  the  phase  obtained  on  Night  2  in  the  BLN  1/DLN2  group  (M  - 
0553  hr)  and  that  obtained  in  the  BLN1/BLN2  group  (M  =  0704  hr)  was  noted. 
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Table  23 


Results  of  the  Condition  Test  Comparing  the  Circadian  Phase  of  the  Melatonin  Rhythm  Obtained  in  (a).the 


BLN1/DLN2  and  DLNI  DLN2  Groups  on  Night  2  and  ibt  the  BLN1  DLN2  and  BLN1/BLN2  Groups  on  Night_2 


BLN1/DLN2  versus  DLN1/DLN2 


SOURCE 

SUM  OF 
SQUARES 

D.F. 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

COND 

ERROR 

1.64269 

55.98889 

1 

17 

1.64269 

3.29346 

0.50 

0.4896 

BLN1/DLN2  versus  BLN1/BLN2 

SOURCE 

SUM  OF 
SQUARES 

D.F. 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

COND 

ERROR 

6.19520 

43.10764 

1 

16 

6.19520 

2.69423 

2.30 

0.1489 

Temperature.  Table  24  presents  the  results  of  the  difference  score  analysis.  As  evident  in 
the  table,  the  data  obtained  on  Night  2  in  the  BLN1/DLN2  group  was  not  different  from  that 
obtained  in  BLN1/BLN2  group  but  was  different  from  that  obtained  in  theDLNl/DLN2  group. 
Examination  of  Figure  8  reveals  that  the  latter  effects  were  the  result  ot  temperature  being  higher 
under  dim  light  on  Night  2  following  bright  light  on  Night  1  than  under  dim  light  on  Night  2 
following  dim  light  on  Night  1 . 

Table  25  presents  the  results  of  the  circadian  amplitude  analysis.  As  evident  in  the  tahle.  no 
significant  difference  between  the  amplitude  obtained  on  Night  2  in  the  BLN  1/DLN,.  group  (M 
0.54  3C)  and  that  obtained  in  the  DLN1/DLN2  group  (M  =  0.54  °C)  was  noted.  However,  a 
significant  difference  between  the  amplitude  obtained  on  Night  2  in  the  BLN1/DLN2  group  (M 
0.54  CC)  and  that  obtained  in  the  BLN1/BLN2  group  (M  =  0.27  °C)  was  noted. 
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Table  24 


Results  of  the  Condition  x  t  ime  of  Night  Test  Comparing  the  Temperature  Difference  Scores  Obtained  in  (a)  the 


BLNUDLN2  and  DLN1  DLN2  Groups  on  Night  2  and  (b)  the  BLNLDLN2  and  BLN1  BLN2  Groups  on  Night  2. 


BLN1/DLN2  versus  DLM/DLN2 


SOURCE 

SUM  OF 

D.F. 

MEAN 

F 

TAIL 

G-G 

SQUARES 

SQUARE 

PROB. 

PROB. 

COND 

12.35208 

1 

12.35208 

5.69 

0.0283 

- 

ERROR 

39.10325 

18 

2.17240 

TIME 

55.06267 

23 

2.39403 

36.43 

0.0000 

0.0000 

TC 

4.60292 

23 

0.20013 

3.05 

0.0000 

0.0097 

ERROR 

27.20275 

414 

0.06571 

BLN1/DLN2 

versus  BLN1/BLN2 

SOURCE 

SUM  OF 

D.F. 

MEAN 

F 

TAIL 

G-G 

SQUARES 

SQUARE 

PROB. 

PROB. 

COND 

0.00752 

1 

0.00752 

0.00 

0.9494 

- 

ERROR 

32.74188 

18 

1.81899 

TIME 

45.40198 

23 

1.97400 

31.61 

0.0000 

0.0000 

TC 

1.45298 

23 

0.06317 

1.01 

0.4490 

0.4142 

ERROR 

25.85713 

414 

0.06246 

Table  25 

Results  nf  the 

Condition  Test 

c nmnanna  the  Circadian  Amnlitude  ot  the  Temperature  Rhvihm  Obtained  in  (a)  the 

RI.NI/ni.N2  and  DI.N1  DLN2  GrouDS  on 

Nisht  2  and  (b)  the 

BLN  1 

DLN'1  and  BLN  1  BLN2  Grouos  on  Nisht  2. 

BLN1/DLN2 

versus  DLN1/DLN2 

SOURCE 

SUM  OF 

D.F. 

MEAN 

F 

TAIL 

SQUARES 

SQUARE 

PROB. 

COND 

0.00012 

1 

0.00012 

0.00 

0.9498 

ERROR 

0.55305 

18 

0.03073 

BLN1/DLN2 

versus  BLN1/BLN2 

SOURCE 

SUM  OF 

D.F. 

MEAN 

F 

TAIL 

SQUARES 

SQUARE 

PROB. 

COND 

0.34848 

i 

0.34848 

8.70 

0.0086 

ERROR 

0.72134 

18 

0.04007 
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Table  26  presents  the  results  of  the  circadian  phase  analysis.  As  evident  in  the  table,  no 
significant  difference  between  the  phase  obtained  on  Night  2  in  the  BLN1/DLN2  group  (M  - 
0630  hr)  and  that  obtained  in  the  DLN1/DLN2  group  on  Night  2  (M  =  0530  hr)  was  noted. 
Similarly,  no  significant  difference  between  the  phase  obtained  on  Night  2  in  the  BLN1/DLN2 
group  (M  =  0630  hr)  and  that  obtained  in  the  BLN1/BLN2  group  (M  =  0627  hr)  was  noted. 


Table  26 


Results  of  the  Condition  Test  Comparing  the  Circadian  Phase  of  the  Temperature  Rhvthm  Obtained  in  (a)„the 
BLN1/DLN2  and  DLN1/DLN2  Groups  on  Night  2  and  (b)  the  BLN1/DLN2  and  BLN1-BLN2  Groups  on  Niftht2 


BLN1/DLN2 

versus  DLN1/DLN2 

SOURCE 

SUM  OF  D.F. 

SQUARES 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

COND 

ERROR 

5.00000  I 

21.50000  18 

5.00000 

1.19444 

4.19 

0.0557 

BLN1/DLN2 

versus  BLN1/BLN2 

SOURCE 

SUM  OF  D.F. 

SQUARES 

MEAN 

SQUARE 

F 

TAIL 

PROB. 

COND 

ERROR 

0.01250  1 

48.22500  18 

0.01250 

2.67917 

0.00 

0.9465 

Hypothesis  Id 

Hypothesis.  Circadian  rhythms  in  melatonin  and  temperature  measured  under  constant  dim 
light  (in  the  absence  of  masking  factors)  will  be  reliable  (i.e..  highly  correlated)  between  Night  1 
and  Night  2. 

Hypothesis  Id  was  statistically  evaluated  in  the  following  manner  and  the  results  obtained  are 
presented  in  detail  on  the  following  pages. 
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Statistical  Evaluation.  The  amplitude  and  phase  of  the  melatonin  and  temperature  rhythms  were 
determined  in  a  manner  similar  to  that  described  tor  Hypothesis  lc.  The  mesor  (i.e.,  the  mean) 
of  the  rhythms  was  also  determined  using  the  best-fitted  cosine  wavelorm  on  an  individual 
subject  basis.  The  average  ot  the  fitted  waveform  data  was  the  mesor  (measured  in  pg/mL  for 
melatonin  and  in  °C  for  temperature).  Rhythm  markers  (amplitudes,  phase,  mesor)  obtained 
under  dim  light  during  the  first  24-hr  period  were  compared  to  those  obtained  under  dim  light 
during  the  second  24-hr  period  with  a  correlation  coefficient.  A  significant  and  positive 
correlation  (i.e..  g  <  .05)  for  each  ot  the  rhythm  markers  was  considered  confirmation  ot 
Hypothesis  Id. 

Results.  The  next  sections  describe  the  results  obtained  for  melatonin  and  those  obtained  for 
temperature. 

Melatonin.  Table  1  presents  the  results  ot  the  correlational  analyses  tor  melatonin.  As 
evident  in  the  table,  significant  positive  correlations  between  Night  1  and  Night  2  were  obtained 
for  amplitude,  phase,  and  mesor. 

Temperature.  Table  2  presents  the  results  ot  the  correlational  analyses  tor  temperature.  As 
evident  in  the  table,  significant  positive  correlations  between  Night  1  and  Night  2  were  obtained 
for  phase  and  mesor  but  not  for  amplitude. 

Hypothesis  2:  Treatment  Effects  on  Behavior  (Alertness.  Cognition,  and  Performance)^ 

Hypothesis  2  was  tested  by  measuring  the  effects  ot  bright  light  and  NSAIDs  on  alertness  and 
performance.  Four  measures  were  used  to  assess  alertness:  Alpha  EEG,  Theta  EEG.  the 
Maintenance  of  Wakefulness  Test  (MWT).  and  the  Stanford  Sleepiness  Scale  (SSS).  Five  tasks 
were  used  to  assess  performance:  the  Continuous  Recognition  Task  (CRT),  the  Dual  Task  (DT), 
the  Probed  Memory  Recall  Test  (PMRT),  the  Procedural  Memory  Task  (PMT).  and  the 
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Switching  Task  (ST).  Three  tasks  were  assessed  in  two  ways:  DT  performance  was  assessed  by 
control  loss  and  throughput  measures.  PMT  performance  was  assessed  by  basic  and  coded 
methods,  and  ST  performance  was  assessed  by  Mannequin  and  Processing  performance.  In  sum. 
the  results  of  four  alertness  and  eight  performance  measures  will  be  presented. 

Hypothesis  2a 

Hypothesis.  Exposure  to  bright  light  stimulation  on  Nights  1  and  2  will  enhance  alertness  and 
performance  relative  to  exposure  to  dim  light  stimulation.  A  related  hypothesis  was  that  these 
effects  will  occur  in  a  similar  manner  across  consecutive  24-hr  periods. 

Hypothesis  2a  was  statistically  evaluated  in  the  following  manner  and  the  results  obtained  are 
presented  in  detail  on  the  following  pages. 

Statistical  Evaluation.  As  noted,  there  were  four  data  points  for  each  Night  and  Condition. 
Alertness/performance  scores  obtained  under  bright  light  (BLN1/BLN2)  were  compared  to  those 
obtained  under  dim  light  (DLN1/DLN2)  with  a  2  x  2  x  12  (Night  x  Condition  x  Time  of  Night) 
analysis  of  variance  for  repeated  measures  test  (  mixed  design).  Additional  statistical  tests 
included  a  2  x  12  (Condition  x  Time  of  Night)  analysis  of  variance  for  repeated  measures  (mixed 
design)  conducted  for  each  Night  separately  (N1 :  BLN1/BLN2  versus  DLN1/DLN2;  Nl; 
BLN1/DLN2  versus  DLN1/DLN2;  N2:  BLN1/BLN2  versus  DLN1/DLN2)  and  a  one-way 
analysis  of  variance  (between-subjects  design)  conducted  for  each  Time  ot  Night  to  determine 
the  clock  times  at  which  the  bright  and  dim  light  data  differed.  A  significant  Condition  x  Time 
of  Night  interaction  (i.e..  g  <  .05  with  Greenhouse-Geisser  degrees  ot  freedom  correction  ) 
obtained  for  both  Nights  was  considered  confirmation  ot  Hypothesis  2a  provided  the  differences 
were  in  the  predicted  direction  (i.e..  data  obtained  under  bright  light  revealed  greater 
alertness/performance  than  those  obtained  under  dim  light  on  both  Nights).  A  nonsignificant 
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effect  of  Night  in  the  three-way  analysis  was  predicted  and  it.  along  with  significant  bright  light 
effects  on  Nights  1  and  2.  was  considered  an  indication  that  the  bright  light  was  effective  across 
consecutive  24-hr  periods. 

Results.  The  next  sections  describe  the  results  obtained  for  alertness  and  those  obtained  for 

performance. 

Alertness 

Alpha  EEG.  Figure  28  depicts  relative  spectral  power  as  a  function  of  Night,  Condition, 
and  Time  of  Night.  In  general,  in  the  BLN1/BLN2.  BLN1/DLN2  (Night  1  only),  and 
DLN1/DLN2  groups,  alpha  increased  and  then  decreased  across  time  on  both  nights  and 
decreased  from  Night  1  to  Night  2.  Positive  effects  ot  bright  light  were  noted  as  alpha  in  the 
BLN1/BLN2  group  was  lower  than  alpha  in  the  DLN1/DLN2  group  at  01 30  hr  on  Night  2.  In 
addition,  alpha  in  the  BLN1/DLN2  group  was  lower  than  alpha  in  the  DLN1/DLN2  at  0130  hr  on 
Night  1 .  The  Night  x  Condition  x  Time  of  Night  test  comparing  the  BLN1/BLN2  and 
DLN1/DLN2  groups  revealed  a  significant  Night  effect  [F(1.18)  =  32.72.  g  <  .05]and  a 
significant  Night  x  Time  of  Night  interaction  [F(3.54)  =  10.69.  g  <•  Oo].  Other  significant 
interactions  with  Night  were  not  obtained.  The  Night  effect  resulted  trom  alpha  decreasing  from 
Night  1  to  Night  2  and  the  interaction  resulted  from  different  patterns  of  alpha  during  the  two 
nights.  The  Condition  x  Time  of  Night  test  comparing  the  BLNI  BLN2  and  DLN1/DLN2 
croups  on  Night  1  revealed  only  a  significant  Time  ot  Night  ettect  [F(-04)  -  1-.45.  g  <  -05] 
with  alpha  increasing  and  then  decreasing  across  the  night.  A  simiiar  analysis  ot  the  Night  2  data 
revealed  a  significant  Time  of  Night  effect  [F(3.54)  =  10.98.  g  <  .05]  and  a  significant  inter¬ 
action  [F(3.54)  =  3.44.  g  <  .05],  A  significant  Condition  effect  was  not  obtained.  The  Time  of 
Night  effect  resulted  from  alpha  increasing  and  then  decreasing  across  the  night.  The  inter-action 
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resulted  from  alpha  being  signiticantiy  lower  under  bright  light  tor  the  second  block  and  being 
significantly  higher  under  bright  light  for  the  third  block.  The  Condition  x  Time  ot  Night  test 
comparing  the  BLN1/DLN2  and  DLN1/DLN2  groups  on  Night  1  revealed  only  a  significant 
Time  of  Night  effect  [£(3.54)  =  6.08.  p  <  .05]  with  alpha  increasing  and  then  decreasing  across 

the  night. 

Theta  EEG.  Figure  29  depicts  relative  spectral  power  as  a  function  of  Night.  Condition, 
and  Time  of  Night.  In  general,  in  the  BLN1/BLN2.  BLN1/DLN2  (Night  1  only),  and 
DLN1/DLN2  groups,  theta  increased  across  time  on  both  nights  and  as  well  as  from  Night  1  to 
Night  2.  Positive  effects  of  bright  light  were  noted  as  theta  in  the  BLN1/BLN2  group  was  lower 
than  theta  in  the  DLN1/DLN2  group  at  0130  and  0430  hr  on  Night  1  as  well  as  at  0430  hr  on 
Night  2.  In  addition,  theta  in  the  BLN1/DLN2  group  was  lower  than  theta  in  the  DLN1/DLN2 
group  at  0730  hr  on  Night  1 .  The  Night  x  Condition  x  Time  of  Night  test  comparing  the 
BLN1/BLN2  and  DLN1/DLN2  groups  revealed  a  significant  Night  effect  [£(1.18)  =  77.21,  p< 
.05]  and  a  significant  Night  x  Time  of  Night  inter-action  [£(3.54)  =  7.55.  p  <  .05].  Other 
significant  interactions  with  Night  were  not  obtained.  The  Night  elfect  resulted  trom  theta 
increasing  from  Night  1  to  Night  2  and  the  interaction  resulted  trom  different  patterns  of  theta 
during  the  two  nights.  The  Condition  x  Time  of  Night  test  comparing  the  BLN1/BLN2  and 
DLN1/DLN2  groups  on  Night  1  revealed  a  trend  for  a  significant  Condition  effect  [F(  1,18)  = 
3.09.  p  <  .05],  a  significant  Time  of  Night  effect  [£(3,54)  =  13.18.  p  <  .05],  and  a  significant 
interaction  [£(3.54)  =  5.85.  p  <  .05].  These  findings  resulted  from  theta  (a)  being  lower  under 
bright  light  than  under  dim  light,  (b)  increasing  during  the  night,  and  (c)  being  significantly 
lower  under  bright  light  than  under  dim  light  during  Blocks  2  and  3.  A  similar  analysis  of  the 
Night  2  data  revealed  significant  Condition  [£(  1,18)  =  4.28.  p  <  .05]  and  Time  ot  Night  [F(3,54) 
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=  7.01.  2  <  .05]  effects.  A  significant  inter-action  was  not  obtained.  The  Condition  effect 
resulted  from  theta  being  lower  under  bright  light  than  under  dim  light  and  the  Time  ot  Night 
effect  resulted  from  theta  increasing  during  the  night.  The  Condition  x  Time  ot  Night  test 
comparing  the  BLN1/DLN2  and  DLN1/DLN2  groups  on  Night  1  revealed  a  significant  Time  of 
Night  effect  [F(3,54)  =  3.37.  q  <  .05]  and  a  significant  interaction  [F(3.54)  =  4. 12.  2  <  05],  A 
significant  Condition  effect  was  not  obtained.  The  Time  of  Night  effect  resulted  from  theta 
increasing  during  the  night  and  the  interaction  resulted  from  theta  being  significantly  lower  under 
bright  light  than  under  dim  light  only  during  Block  4. 

Maintenance  of  Wakefulness  Test.  Figure  30  depicts  Stage  2  latency  as  a  function  of 
Night.  Condition,  and  Time  of  Night.  In  general,  in  the  BLN1/BLN2.  BLN1/DLN2  (Night  1 
only),  and  DLN1/DLN2  groups,  latencies  decreased  across  time  on  both  nights  and  as  well  as 
from  Night  1  to  Night  2.  Positive  effects  of  bright  light  were  noted  with  longest  latencies  in  the 
BLN1/BLN2  group  during  the  latter  portion  of  each  night:  however,  the  longest  latencies  were  in 
the  DLN1/DLN2  group  during  the  early  portion  of  Night  2.  Statistical  analyses  of  these  data  are 
not  available  but  preliminary  work  indicated  that  there  are  no  significant  elfects  ot  interest. 

Stanford  Sleepiness  Scale.  Figure  31  depicts  subjective  sleepiness  as  a  function  of 
Night.  Condition,  and  Time  of  Night.  In  general,  in  the  BLN1/BLN2.  BLN1.DLN2  (Night  1 
only),  and  DLN1/DLN2  groups,  sleepiness  increased  across  time  on  both  nights  and  as  well  as 
from  Night  1  to  Night  2.  Positive  effects  of  bright  light  were  noted  with  lowest  sleepiness  in  the 
BLN1/BLN2  and  BLN1/DLN2  groups  during  the  middle  portion  of  Night  1.  Statistical  analyses 
of  these  data  are  not  available  but  preliminary  work  indicated  that  there  are  no  significant  effects 
of  interest. 
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Performance 


Continuous  Recognition  Task  -  Throughput.  Figure  32  depicts  throughput  as  a 
function  of  Night.  Condition,  and  Time  ot  Night.  In  general,  in  the  BLN1/BLN2,  BLN1/DLN2 
(Night  1  only),  and  DLN1/DLN2  groups,  throughput  under  bright  light  increased  across  time  on 
both  nights  as  well  as  trom  Night  1  to  Night  2  whereas  throughput  under  dim  light  decreased  at 
these  times.  There  was  little  difference  trom  Night  1  to  Night  2.  The  Night  x  Condition  x  Time 
of  Night  test  comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups  revealed  neither  a  significant 
effect  of  Nieht  nor  significant  interactions  with  Night.  The  Condition  x  Time  ot  Night  tests 
comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups  on  Nights  1  and  2  revealed  trends  for 
significant  interactions  [Night  1 :  F(3,54)  =  2.86,  p  =  0.08;  Night  2:  F(3,54)  =  3.22,  p  =  0.07]. 
Significant  main  effects  were  not  obtained.  The  interactions  resulted  trom  throughput  increasing 
under  bright  light  and  decreasing  under  dim  light  within  each  night.  Throughput  was 
significantly  higher  under  bright  light  during  Blocks  3  and  4  as  well  as  during  Blocks  7  and  8. 
The  Condition  x  Time  of  Night  test  comparing  the  BLN1/DLN2  and  DLN1/DLN2  groups  on 
Night  1  revealed  no  significant  findings. 

Dual  Task  -  Control  Losses.  Figure  33  depicts  number  of  control  losses  as  a  function  of 
Night.  Condition,  and  Time  of  Night.  (The  results  for  Block  8  are  not  presented  because  the  data 
of  several  subjects  were  lost  due  to  technical  difficulties.)  In  general,  in  the  BLN1/BLN2. 
BLN1/DLN2  (Night  1  only),  and  DLN1/DLN2  groups,  control  losses  increased  across  time  on 
both  nights  and  as  well  as  from  Night  1  to  Night  2.  Positive  effects  ot  bright  light  were  noted 
with  control  losses  under  bright  light  being  consistently  lower  than  under  dim  light.  The  Night  x 
Condition  x  Time  of  Night  test  comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups  revealed 
neither  a  significant  effect  of  Night  nor  significant  interactions  with  Night.  The  Condition  x 
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Time  of  Night  test  comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups  on  Night  1  revealed 
only  a  significant  Time  of  Night  effect  [F(3,54)  =  4.65.  p  <  .05]  with  control  losses  increasing 
across  the  night.  A  similar  analysis  of  the  Night  2  data  revealed  a  trend  tor  a  significant 
Condition  effect  [F(  1.18)  -  3.93.  p  =  .06]  and  a  significant  Time  ot  Night  effect  [F(2,j6)  =  6.47, 
p  <  .05].  A  significant  interaction  was  not  obtained.  The  significant  findings  resulted  from 
control  losses  increasing  across  the  night  and  from  control  losses  under  bright  light  being 
consistently  lower  than  those  under  dim  light.  The  Condition  x  Time  ot  Night  test  comparing  the 
BLN1/DLN2  and  DLN1/DLN2  groups  on  Night  1  revealed  significant  Condition  [F(l,18)  = 
19.36,  p  <  .05]  and  Time  of  Night  effects  [F(3,54)  =  4.17,  p  <  .05]  as  well  as  a  trend  for  a 
significant  interaction  [F(3.54)  =  3.46,  p  =  .05].  Again,  these  findings  resulted  from  control 
losses  increasing  across  the  night  and  from  control  losses  under  bright  light  being  consistently 
lower  than  those  under  dim  light. 

Dual  Task  -  Throughput.  Figure  34  depicts  throughput  as  a  function  ot  Night, 
Condition,  and  Time  of  Night.  (The  results  for  Block  8  are  not  presented  because  the  data  of 
several  subjects  were  lost  due  to  technical  difficulties.)  In  general,  in  the  BLN1/BLN2. 
BLN1/DLN2  (TSfight  1  only),  and  DLN1/DLN2  groups,  throughput  decreased  across  time  on  both 
nights  and  as  well  as  from  Night  1  to  Night  2.  Surprisingly,  throughput  was  lower  under  bright 
light  than  under  dim  light  during  the  early  portion  of  each  night.  However,  throughput  in  the 
BLN1/DLN2  group  was  higher  than  in  the  DLN1/DLN2  during  the  later  portion  ot  Night  1. 
Statistical  analyses  of  these  data  are  not  available  but  preliminary  work  indicated  that  there  are 
no  significant  effects  of  interest. 

Probed  Memory  Recall  Test  -  Words  Recalled.  Figure  35  depicts  number  of  words 
recalled  as  a  function  of  Night,  Condition,  and  Time  of  Night.  In  general,  in  the  BLN1/BLN2. 
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BLN1/DLN2  (Night  1  only),  and  DLN1/DLN2  groups,  words  recalled  decreased  across  time  on 
both  niehts  and  as  well  as  from  Night  1  to  Night  2.  The  Night  x  Condition  x  Time  ot  Night  test 
comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups  revealed  a  significant  effect  of  Night 
[F(l.  18)  =  15.51.  p<  .05]  and  a  significant  Night  x  Condition  interaction  [F(1.18)  =  9.07  p< 

.05].  Other  significant  interactions  with  Night  were  not  obtained.  The  Night  effect  resulted  from 
throuahput  decreasing  from  Night  1  to  Night  2.  The  interaction  resulted  from  words  recalled 
beina  lower  under  bright  light  than  under  dim  light  on  Night  1  and  being  higher  on  Night  2.  The 
Condition  x  Time  of  Night  tests  comparing  (a)  the  BLN1/BLN2  and  DLN1/DLN2  groups  on 
Night  1.  (b)  the  BLN1/BLN2  and  DLN1/DLN2  groups  on  Night  2.  and  (c)  the  BLN1/DLN2  and 
DLN1/DLN2  groups  on  Night  revealed  no  significant  findings  except  a  significant  Time  of  Night 
effect  [F(3.54)  =  4.47.  p  <  .05]  in  the  BLN2-DLN2  comparison  with  throughput  decreasing 
across  the  night. 

Procedural  Memory  Task  (Basic)  •  Throughput.  Figure  j6  depicts  throughput  as  a 
function  of  Night.  Condition,  and  Time  ot  Night.  In  general,  in  the  BLN1  BLN2.  BLN1/DLN2 
<Nieht  1  only),  and  DLN1/DLN2  groups,  throughput  decreased  across  time  on  both  nights  as 
well  as  from  Night  1  to  Night  2.  Surprisingly,  throughput  was  consistently  lower  under  bright 
light  than  under  dim  light  on  Night  1 .  The  Night  x  Condition  x  Time  ot  Night  test  comparing  the 
BLN1/BLN2  and  DLN1/DLN2  groups  revealed  a  significant  effect  of  Night  [F(1.18)  =  29.75,  p 
<  .05]  as  well  as  significant  Night  x  Condition  [F(1.18)  =  4.59.  p  <  .05]  and  Night  x  Time  of 
Night  [F(3.54)  =  4.18,  p  <  .05]  interactions.  No  other  significant  interactions  with  Night  were 
obtained.  'The  Night  effect  resulted  from  throughput  decreasing  from  Night  1  to  Night  2.  the 
Night  x  Condition  interaction  resulted  from  throughput  being  lower  under  bright  light  than  under 
dim  light  only  on  Night  1.  the  Night  x  Time  of  Night  interaction  resulted  from  a  larger  decrease 
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in  throughput  across  Night  2.  The  Condition  x  Time  of  Night  test  comparing  the  BLN1/BLN2 
and  DLN1/DLN2  groups  on  Night  1  revealed  a  trend  for  a  significant  Condition  effect  [F(  1,18)  = 
4.13.  p  =  .06]  and  a  significant  interaction  [F(3.54)  =  4.38.  g  <  .05].  A  significant  Time  of  Night 
effect  was  not  obtained.  The  significant  findings  resulted  from  throughput  being  lower  under 
bright  light  and  from  throughput  increasing  across  the  night  under  bright  light  but  decreasing 
across  the  night  under  dim  light.  The  Condition  x  Time  ol  Night  test  comparing  the 
BLN1/BLN2  and  DLN1/DLN2  groups  on  Night  2  revealed  only  a  significant  Time  of  Night 
effect  [F(3.54)  =  12.50.  g  <  .05]  with  throughput  decreasing  across  the  night.  The  Condition  x 
Time  of  Night  test  comparing  the  BLN1/DLN2  and  DLN1/DLN2  groups  on  Night  1  revealed  no 
significant  findings. 

Procedural  Memory  Task  (Coded)  -  Throughput.  Figure  37  depicts  throughput  as  a 
function  of  Night,  Condition,  and  Time  ot  Night.  In  general,  in  the  BLN1/BLN2.  BLN1/DLN2 
(Night  1  only),  and  DLN1/DLN2  groups,  throughput  decreased  across  time  on  both  nights  as 
well  as  from  Night  1  to  Night  2.  Surprisingly,  throughput  was  lower  under  bright  light  than 
under  dim  light  during  Night  1  whereas  it  was  higher  during  the  later  portion  ot  Night  2.  The 
Night  x  Condition  x  Time  of  Night  test  comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups 
revealed  a  significant  effect  of  Night  [F(l.l  8)  =  31.71.  p<  .05]  and  a  significant  Night  x 
Condition  interaction  [F(  1.18)  =  5.52.  g  <  .05].  Other  significant  interactions  with  Night  were 
not  obtained.  The  Night  effect  resulted  from  throughput  decreasing  from  Night  1  to  Night  2. 

The  interaction  resulted  from  throughput  being  lower  under  bright  light  than  under  dim  light  on 
Niaht  1  and  being  higher  on  Night  2. The  Condition  x  Time  ot  Night  tests  comparing  (a)  the 
BLN1.BLN2  and  DLN1/DLN2  groups  on  Night  1.  (b)  the  BLN1/BLN2  and  DLN1/DLN2 
groups  on  Night  2.  and  (c)  the  BLN1/DLN2  and  DLN1/DLN2  groups  on  Night  1  revealed  no 
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significant  findings  except  a  significant  Time  ot  Night  eifect  [£(3.o4)  =  _o9.  p  <  .05]  in  the 
BLN2-DLN2  comparison  with  throughput  decreasing  across  the  night. 

Switching  Task  (Mannequin)  •  Throughput.  Figure  j8  depicts  throughput  as  a 
function  of  Night.  Condition,  and  Time  of  Night.  In  general,  in  the  BLN1/BLN2.  BLN1/DLN2 
(Night  1  only),  and  DLN1/DLN2  groups,  throughput  decreased  across  time  only  during  Night  2 
and  there  was  little  change  from  Night  1  to  Night  2.  Surprisingly,  throughput  was  consistently 
lower  under  bright  light  than  under  dim  light  on  both  nights.  The  Night  x  Condition  x  Time  of 
Night  test  comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups  revealed  onlya  significant  Night 
x  Condition  interaction  [£(1.18)  =  5.65.  p  <  .05]  which  resulted  from  throughput  being 
significantly  lower  under  bright  light  than  under  dim  light  only  on  Night  2.  The  Condition  x 
Time  ofNight  tests  comparing  (a)  the  BLN1/BLN2  and  DLN1/DLN2  groups  on  Night  1.  (b)  the 
BLN1/BLN2  and  DLN1/DLN2  groups  on  Night  2.  and  (c)  the  BLN1/DLN2  and  DLN1/DLN2 
groups  on  Night  1  revealed  no  significant  findings  except  a  significant  Time  ot  Night  effect 
[£(3.54)  =  8.62.  p  <  .05]  in  the  BLN2-DLN2  comparison  with  throughput  decreasing  across  the 

night. 

Switching  Task  (Math  Processing)  -  Throughput .  Figure  39  depicts  throughput  as  a 
function  ofNight.  Condition,  and  Time  ofNight.  In  general,  in  the  BLN1/BLN2,  BLN1/DLN2 
(Night  1  only),  and  DLN1/DLN2  groups,  throughput  decreased  across  time  only  during  Night  2 
and  there  was  little  change  from  Night  1  to  Night  2  until  the  later  portion  ot  Night  —  Positive 
effects  of  bright  light  were  noted  as  throughput  on  Night  1  in  the  BLN1/DLN2  group  was 
consistently  higher  than  in  the  DLN1/DLN2  group.  The  Night  x  Condition  x  Time  ofNight  test 
comparing  the  BLN1/BLN2  and  DLN1/DLN2  groups  revealed  only  a  significant  Night  x 
Condition  interaction  [£(1.18)  =  5.81.  p  <  .05]  which  resulted  from  throughput  being  higher 
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under  bright  light  than  under  dim  light  on  Night  1  but  lower  on  Night  2.  The  Condition  x  Time 
of  Nieht  tests  comparing  (a)  the  BLN1/BLN2  and  DLN1/DLN2  groups  on  Night  1.  (b)  the 
BLN1/BLN2  and  DLN1  DLN2  groups  on  Night  2.  and  (c)  the  BLN1  DLN2  and  DLN1/DLN2 
groups  on  Night  1  revealed  no  significant  findings  except  a  significant  Time  of  Night  effect 
[F(3,54)  =  7.63,  £  <  .05]  in  the  BLN2-DLN2  comparison  with  throughput  decreasing  across  the 
night. 

Hypothesis  2b 

Hypothesis.  Nonsteroidal  anti-inflammatory  drug  administration  on  Nights  1  and  2  will 
enhance  performance  and  alertness  relative  to  placebo  administration.  A  related  hypothesis  was 
that  these  effects  will  occur  in  a  similar  manner  across  consecutive  24-hr  periods. 

Hypothesis  2b  was  statistically  evaluated  in  the  following  manner  and  the  results  obtained  are 
presented  in  detail  on  the  following  pages. 

Statistical  Evaluation.  As  noted,  there  were  four  data  points  tor  each  Night  and  Condition. 
Alertness/performance  scores  obtained  during  NS  AID  administration  (NSN1/NSN2)  were 
compared  to  those  obtained  during  placebo  administration  (DLN1  DLN2)  with  a  2  x  2  x  12 
(Night  x  Condition  x  Time  of  Night)  analysis  of  variance  tor  repeated  measures  test  (mixed 
design).  Additional  statistical  tests  included  a  2  x  12  (Condition  x  Time  ot  Night)  analysis  of 
variance  for  repeated  measures  (mixed  design)  conducted  for  each  Night  separately  and  a  one¬ 
way  analysis  of  variance  (between-subjects  design)  conducted  tor  each  Time  ot  Night  to 
determine  the  clock  times  at  which  the  NSAIDs  and  placebo  data  differed.  A  significant 
Condition  x  Time  of  Night  interaction  (i.e..  £  <  .05  with  Greenhouse-Geisser  degrees  ot  freedom 
correction)  obtained  for  both  Nights  was  considered  confirmation  ot  Hypothesis  2b  provided  the 
differences  w'ere  in  the  predicted  direction  (i.e.,  data  obtained  during  NSAID  administration 
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revealed  greater  alertness/performance  than  those  obtained  during  placebo  administration).  A 
nonsignificant  effect  of  Night  in  the  three-way  analysis  was  predicted  and  it,  along  with 
significant  NS  AID  effects  on  Nights  1  and  2,  was  considered  an  indication  that  the  bright  light 
was  effective  across  consecutive  24-hr  periods. 

Results.  Figures  28  through  39  depict  the  alertness  and  performance  results  tor  the 
NSN1/NSN2  group.  Table  27  provides  the  F  ratios  for  the  significant  findings  obtained  during 
the  statistical  analysis  of  Hypothesis  2b.  As  evident  in  the  table,  either  a  significant  effect  of 
Night  or  significant  interactions  with  Night  were  obtained  in  every  comparison.  In  general,  these 
findings  resulted  from  alertness  and  performance  decreasing  trom  Night  1  to  Night  2. 

Significant  effects  of  Time  of  Night  are  also  evident  in  Table  27.  Time  ot  Night  etfects  were 
obtained  for  4  of  the  12  measures  on  Night  1  and  for  12  of  the  12  measures  on  Night  2.  In 
general,  these  findings  resulted  from  alertness  and  performance  decreasing  trom  the  first  to  the 
last  block  during  each  night.  Finally,  positive  etfects  ot  NS  AID  administration  on  alertness  and 
performance  are  evident  in  the  table.  There  was  a  trend  for  a  significant  Condition  etfect 
[£(1.18)  =  3.83,  p  =  .07]  on  the  Dual  Task  with  less  control  losses  in  the  NSNINSN2  group  than 
in  the  DLN1/DLN2  group  at0430  hr  on  Night  2. 

Hypothesis  2c 

Hypothesis.  Exposure  to  bright  light  stimulation  on  Night  1  will  enhance  alertness  and 
performance  during  subsequent  dim  light  stimulation  on  Night  2  relative  to  exposure  to  dim  light 
stimulation  on  both  nights:  i.e.  for  subjects  receiving  bright  light  on  Night  1  and  dim  light  on 
Night  2,  there  will  be  a  delayed  circadian  effect  of  bright  light  on  alertness  and  pertormance  that 
will  carryover  to  Night  2.  That  is,  subjects  should  perform  on  Night  2  under  exposure  to  dim 
light  in  a  similar  manner  to  those  receiving  bright  light  on  Night  2. 
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Hypothesis  2c  was  statistically  evaluated  in  the  following  manner  and  the  results  obtained  are 
presented  in  detail  on  the  following  pages. 

Statistical  Evaluation.  Since  alertness/performance  were  assessed  every  3  hr  from  2100  until 
0900  hr.  there  were  four  data  points.  Only  the  data  obtained  during  the  nighttime  hours.  2100- 
0900  hr.  were  used  to  test  this  and  similar  hypotheses,  since  they  concern  the  immediate  effects 
of  photic  stimulation  or  NSAIDs  and  that  interval  is  when  one  of  the  two  groups  was 
administered  a  treatment.  Alertness  and  performance  data  obtained  on  Night  2  in  the 
BLN1/DLN2  group  were  compared  to  that  obtained  on  Night  2  in  the  DLN1/DLN2  group  with  a 
2x4  (Condition  x  Time  of  Night)  analysis  of  variance  for  repeated  measures  test  ( between- 
subjects  design).  Additional  statistical  tests  included  a  one-way  analysis  of  variance  (between- 
subjects  design)  conducted  at  each  Time  of  Night  to  determine  at  which  clock  times  the  data 
obtained  under  bright  and  dim  light  differed.  A  significant  Condition  x  Time  ot  Night 
interaction  (i.e..  p  <  .05  with  Greenhouse-Geisser  degrees  of  freedom  correction)  was  considered 
confirmation  of  Hypothesis  2c  provided  the  differences  were  in  the  predicted  direction  (i.e..  data 
obtained  under  dim  light  on  Night  2  following  bright  light  on  Night  1  revealed  greater 
alertness/ performance  than  those  obtained  under  dim  light  on  Night  2  following  dim  light  on 
Night  1). 

Results.  Figures  28  through  39  depict  the  alertness  and  performance  results  for  the 
BLN1/DLN2  group.  Table  28  provides  the  F  ratios  for  the  significant  findings  obtained  during 
the  statistical  analysis  of  Hypothesis  2c.  As  evident  in  the  table,  significant  Time  ot  Night 
effects  were  obtained  for  12  of  the  12  measures  on  Night  2.  In  general,  these  tindings  resulted 
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r  ratios  lor  the  Significant  Findings  Obtained  during  the  Statistical  Analysis  of  I  lypothesis  2b 
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T  13.50  8.12  17.95  14.92  14.02  18.90  12.56  4.79  14.76  9.70  ll.4< 

CT _ 3.78 _ 3.10  (g=  07) _ - _ - _ - _ 

Note.  Nonsignificant  findings  are  indicated  by  a  dash  (-).  Analyses  not  performed  are  indicated  by  a  cross  (+).  N  =  Night;  C  =  Condition;  T  =  Time 


from  alertness  and  performance  decreasing  Irom  the  first  to  the  last  block  during  Night 
Positive  effects  of  previous  exposure  to  all-night  photic  stimulation  on  alertness  and  performance 
are  also  evident  in  the  table.  On  Night  2.  the  BLN1/DLN2  group,  relative  to  the  DLN1/DLN2 
group,  had:  (a)  significantly  lower  theta  EEG  [F(1.18)  =  7.78.  g  <  05]  at  0130  and  0430  hr,  (b) 
significantly  lower  control  losses  on  the  Dual  Task  [F(1.18)  =  18.90.  g  <  .05]  at  2_30,  0130,  and 
043  hr;  and  (c)  marginally  higher  throughput  on  the  Procedural  Memory  Task  (Coded)  [F(l,18)  = 
3.15,  p  =  .08]  at  0130  and  0430  hr.  With  each  of  these  three  findings,  alertness/performance  in 
the  BLN1/DLN2  group  on  Night  2  was  not  significantly  different  than  that  in  the  BLN1/BLN2 
group  on  Night  2.  There  was  one  paradoxical  finding:  sleep  latency  on  the  MWT  was 
significantly  shorter  in  the  BLN1/DLN2  group  than  it  was  in  the  DLN 1/DLN2  group  [F(3,54) 
3.78,  g  <  05]  at  2230  hr  on  Night  2. 
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APPENDIX  H 


Results 

Experiment  2:  Bright  Light  and  Caffeine  Effects 

Repeated  measure  ANOVAs  were  used  to  test  tor  significant  effects  ot  Drug  Condition.  Light 
Condition.  Night,  and  Time-of-Night  on  melatonin,  temperature,  alertness  and  performance 
measures.  In  addition.  Pearson  Product  correlations  between  melatonin  and  temperature  were 
examined. 

To  compensate  for  possible  violations  of  repeated  measure  assumptions  (e.g.  sphericity, 
homogeneity  of  variance)  and  to  decrease  Type  I  error  rate.  Huynh  Feldt  Correction  Factors  were 
used  in  all  analyses  where  appropriate.  The  standard  significance  level  ot  p<  05  was  used  and 
Modified  Bonferoni  Correction  Factors  (Kepple.  1982)  were  used  to  determine  significant 
planned  comparisons. 

Hypothesis  3:  Treatment  Effects  on  Circadian  Rhythms  (Melatonin  and  Temperature.! 

Melatonin 

Melatonin  data  were  lost  for  one  subject  in  the  catfeine  alone  condition.  Tne  following 
analyses  begin  with  addressing  the  question  ot  whether  catfeine  ingestion  aifects  nighttime 
melatonin  levels  in  humans.  In  addition,  whether  catfeine  ingestion,  bright  light  exposure  or  the 
combined  treatment  of  bright  light  and  caffeine  have  differential  etfects  on  melatonin  was  tested. 
Melatonin  (area  under  the  curve  2100-0800  hr)  data  were  examined  using  a  _  x  2  x  2  (Drug 
Condition  x  Light  Condition  x  Night)  ANOVA.  Analysis  of  the  melatomn  data  revealed  a 
violation  of  the  ANOVA  assumption  of  homogeneity  ot  variance  (e.g..  variance  [SEM]  ot 
melatonin  levels  for  the  placebo  condition  was  more  than  three  times  higher  than  the  variance  in 
both  bright  light  conditions  on  Night  2).  A  log  transformation  ( Log  [xM])  of  the  melatomn  data 
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was  used  to  correct  for  heterogeneity  ot  variance.  Figure  40  provides  area  under  the  curve  data 
for  Log  [x+l]  melatonin  for  the  treatment  conditions  on  both  Night  1  and  2.  As  predicted, 
caffeine  ingestion  (under  dim  illumination)  reduced  melatonin  levels  compared  to  ingestion  ot  a 
placebo:  i.e..  melatonin  levels  were  lower  in  the  dim-light  caffeine  condition  compared  to  the 
dim-light  placebo  condition.  Exposure  to  bright  light  also  reduced  melatonin  levels.  The  amount 
of  melatonin  suppression  was  greater  in  the  bright-light  placebo  condition  compared  to 
suppression  observed  in  the  dim-light  caffeine  condition.  As  predicted,  the  lowest  melatonin 
levels  were  observed  in  the  combined  bright-light  catfeine  condition.  The  above  effects  of  the 
treatments  on  melatonin  were  observed  on  both  nights  ot  sleep  deprivation.  Analysis  ot  variance 
results  revealed  that  there  were  significant  main  effects  tor  Drug  Condition  F(l,  35)  =  7.74,  _q< 
.01  and  for  Light  Condition  F(l,  35)  =  29.72.  _£<  .01  No  main  effect  for  Night  or  interaction 
effects  for  melatonin  were  observed.  In  general,  melatonin  levels  after  ingestion  ot  caffeine  were 
lower  compared  to  melatonin  levels  after  ingestion  ot  a  placebo:  melatonin  levels  during 
exposure  to  bright  light  were  lower  compared  to  melatonin  levels  during  exposure  to  dim  light.  A 
Modified  Bonferoni  Correction  for  planned  comparisons  (DLP  vs.  DLC:  DLP  vs.  BLP:  DLP  vs. 
BLC:  DLC  vs.  BLP:  DLC  vs.  BLC  and  BLP  vs.  BLC  each  night;  as  well  as  Night  1  vs.  Night  2 
for  each  treatment  condition)  required  a  p<  .003  to  be  significant.  Examination  ot  the  planned 
comparisons  (Figure  40)  revealed  melatonin  to  be  significantly  lower  in  the  dim-light  caffeine 
condition  on  Night  1  (trend  on  Night  2);  melatonin  levels  were  significantly  lower  in  the  bright- 
light  placebo  condition  and  in  the  combined  bright-light  catfeine  condition  tor  both  Nights  1  and 
2  compared  to  the  dim-light  placebo  condition  (Figure  40).  Furthermore,  significant  differences 
for  the  amount  of  melatonin  suppression  were  observed  between  the  treatments.  Specifically, 
melatonin  levels  were  significantly  lower  in  the  bright-light  placebo  condition  compared  to  the 
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dim-light  caffeine  condition  on  Night  2.  Additionally,  the  combined  treatment  condition 
produced  significantly  lower  melatonin  levels  compared  to  both  the  dim-light  catfeine  and 
bright-light  placebo  conditions  on  both  Nights  1  and  2  (Figure  40). 

To  determine  whether  Time-ol-Night  (every  hour  2100-0800  hr)  atfected  the  latter  results, 
melatonin  data  were  analyzed  using  a  2  x  2  x  12  (Drug  Condition  x  Light  Condition  x  Time-of- 
Night)  ANOVA  for  each  night  separately.  Figure  9  provides  hourly  melatonin  (Log[x+l])  data 
for  the  different  treatment  conditions  on  both  nights.  As  seen,  both  dim-light  caffeine  and  bright- 
light  placebo  conditions  reduced  melatonin  levels  compared  to  dim-light  placebo,  especially 
between  2300  and  0400  hr.  Melatonin  levels  were  lowest  in  the  combined  treatment  condition  ot 
bright-light  and  caffeine  across  the  entire  night.  Table  29  presents  ANOVA  summary  data  of  all 
effects  for  melatonin  (Log  [x+1  ])  on  both  Night  1  and  Night  2.  As  seen  in  Table  29,  main  effects 
on  both  nights  were  observed  for  Drug  Condition,  lor  Light  Condition  and  for  Time-of-Night. 

The  main  effect  for  Time-of-Night  showed,  as  would  be  expected,  increases  in  melatonin  across 
the  night.  In  addition  to  these  main  effects,  an  interaction  elfect  lor  Light  Condition  x  Time-of- 
Night  was  observed  on  both  Night  1  and  2  ot  sleep  deprivation.  A  Modified  Bonteroni 
Correction  for  planned  comparisons  (DLP  vs.  DLC:  DLP  vs.  BLP;  DLP  vs.  BLC,  DLC  vs.  BLP, 
DLC  vs.  BLC  and  BLP  vs.  BLC  hourly  each  night  from  2100-0800  hr)  required  a  p<  .0076  to  be 
significant.  Examination  of  the  planned  comparisons  showed  significantly  lower  melatonin  levels 
in  the  dim-light  caffeine  or  bright-light  placebo  conditions  for  several  hours  when  compared  to 
melatonin  levels  in  the  dim-light  placebo  condition.  Differences  between  bright-light  placebo  and 
dim-light  caffeine  conditions  were  also  observed.  Specifically,  the  bright-light  placebo  condition 
showed  significantly  lower  melatonin  levels  compared  to  the  dim-light  catfeine  condition  tor 
several  hours  on  Night  2.  As  noted,  suppression  of  melatonin  was  greatest  in  the  combined 
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Table  29 


Analysis  of  Variance  Summary  Table  tor  Melatonin  and  Temperature  Data  on  Night  1  and  Night  2 


Measure 

df 

F 

F 

F 

F 

Melatonin 
Night  1 

Melatonin 
Night  2 

Temperature 
Night  1 

Temperature 
Night  2 

Drug  (D) 

i.  35 

8.48  * 

5.62  * 

36.91* 

3.74  (.06) 

Light  (L) 

1.35 

21.22  * 

35.11  * 

8.54  * 

12.39* 

Time-of-Night  (ToN) 

11.  385 

45.98  * 

72.13  * 

41.74  * 

38.25  * 

Dx  L 

1.35 

| 

0.04 

0.30 

0.73 

1.12 

D  x  ToN 

i 

'  :  i.  35 

i 

1.33 

0.73 

5.30  * 

2.1 1  (.065) 

Lx  ToN 

i 

i 

!  11.35 

i 

4.48  * 

1 1.89  * 

1.21 

4.45  * 

D  x  L  x  ToN 

!  11.385 

1.22 

1.21 

1.12 

1.13 

Note.  Values  enclosed  in  parentheses  represent  £  values  or  trends.  Al¬ 


bright-light  caffeine  condition.  That  is.  melatonin  levels  in  the  combined  bright-light  caffeine 
condition  were  significantly  lower  than  levels  in  the  dim-light  placebo  condition  tor  most  of  the 
night  and  significantly  lower  than  levels  in  the  dim-light  caffeine  and  bright-light  placebo 
conditions  for  several  hours  each  night.  In  addition  to  the  latter  significant  etfects,  a  number  of 
trends  for  different  melatomn  levels  were  observed  (i.e.,  etfects  with  p  values  between  p  >  .0076 
and  p<  .05).  Trends  are  stated  for  each  condition  comparison  at  specific  time  points.  Trends  for  a 
difference  in  melatonin  levels  existed  between  BLP  vs.  DLP  conditions  at  2300.  0400,  and  0500 
hr  on  Night  1,  and  at  2300  hr  on  Night  2;  for  a  difference  between  DLC  vs.  DLP  conditions  at 
0200  hr  on  Night  1.  and  at  0100  hr  on  Night  2:  for  a  difference  between  BLC  vs.  DLP 
conditions  at  0700  hr  on  Night  2;  existed  between  BLP  vs.  DLC  conditions  at  0200  hr  Night  1, 
for  a  difference  between  BLC  vs.  BLP  at  0100  0300,  0700.  and  0800  hr  on  Night  1,  and  at  0300 
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hr  on  Night  2;  for  a  difference  between  BLC  vs.  DLC  conditions  at  0600.  and  0800  hr  on  Night  1 

(all  2  >  .0076  and  25  -05). 

Temperature 

The  following  analyses  examined  whether  caffeine  ingestion,  bright  light  exposure  or  the 
combined  treatment  of  bright  light  and  caffeine  have  differential  effects  on  nighttime 
temperature  levels.  The  effects  ot  the  treatments  on  nighttime  temperature  are  seen  in  Figures  10- 
1 1,  &  41.  The  treatment  effects  of  caffeine  ingestion,  bright  light  exposure  and  the  combined 
treatment  of  bright  light  and  caffeine  on  temperature  were  evaluated.  Prior  to  analysis, 
temperature  data  were  transformed  into  difference  scores  using  2000  hr  as  a  baseline  (Figure  10). 
The  latter  transformation  was  performed  to  control  for  differences  in  temperature  between 
treatment  conditions  at  baseline  prior  to  treatment  onset.  Temperature  data  (average  change  from 
2000  hr  baseline)  were  first  examined  using  a  2  x  2  x  2  (Drug  Condition  x  Light  Condition  x 
Night)  ANOVA.  Figure  41  shows  the  average  temperature  change  for  the  treatment  conditions 
on  both  Nights  1  and  2.  As  predicted,  the  combined  bright-light  caffeine  condition  reduced  the 
normal  drop  in  nighttime  temperature  most  markedly.  The  latter  effect  was  observed  on  both 
nights  of  sleep  deprivation.  Temperature  levels  in  the  dim-light  caffeine  condition  were  higher 
than  temperature  levels  in  both  the  dim-light  placebo  and  bright-light  placebo  conditions  on 
Night  1.  On  Night  2,  temperature  levels  in  the  bright-light  placebo  condition  were  higher  than 
those  in  the  dim-light  placebo  condition.  Analysis  ot  variance  revealed  that  the  main  effects  ot 
Drug  Condition  F(l,  36)  -  18.55,  _£<  .01),  Light  Condition  F(l,  36)  =  13.83.  _£<  .01)  and  an 
interaction  of  Drug  Condition  x  Night  F(l.  36)  =  9.76,  p_<  .01)  were  significant.  No  main  effect 
of  Night  or  other  interaction  effects  for  temperature  were  observed.  In  general,  temperature 
levels  after  ingestion  of  caffeine  were  higher  compared  to  temperature  levels  after  ingestion  of  a 
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placebo:  temperature  levels  during  exposure  to  bright  light  were  higher  compared  to  temperature 
levels  durine  exposure  to  dim  light.  A  Modified  Bonteroni  Correction  tor  planned  comparisons 
(DLP  vs.  DLC:  DLP  vs.  BLP:  DLP  vs.  BLC:  DLC  vs.  BLP:  DLC  vs.  BLC  and  BLP  vs.  BLC 
each  night;  as  well  as  Night  1  vs.  Night  2  for  each  treatment  condition)  required  a  p<  .003  to  be 
significant.  Given  the  latter,  examination  of  the  planned  comparisons  (Figure  41)  show 
temperature  levels  to  be  significantly  higher  in  the  bright-light  caffeine  condition  on  Nights  1 
and  2  compared  to  temperature  levels  in  both  the  dim-light  placebo  and  the  bright-light  placebo 
conditions  (Figure  41).  Furthermore,  temperature  levels  in  the  combined  bright-light  caffeine 
condition  were  significantly  higher  compared  to  temperature  levels  in  the  dim  light  caffeine 
condition  on  Night  2:  a  trend  for  higher  temperature  levels  in  the  bright-light  caffeine  condition 
was  observed  on  Night  1  .The  dim-light  caffeine  condition  showed  significantly  higher 
temperature  levels  compared  to  both  the  dim-light  placebo  and  the  bright-light  placebo 
conditions  on  Night  1  (Figure  41).  On  Night  2  however,  no  difference  in  temperature  levels  were 
observed  between  dim-light  caffeine  and  dim-light  placebo.  A  trend  for  higher  temperature  levels 
in  the  bright-light  placebo  condition  compared  to  temperature  levels  in  the  dim-light  placebo 
condition  was  observed  on  Night  2. 

To  determine  whether  Time-of-Night  (every  hour  2100-0800  hr)  had  an  effect,  the  latter 
results,  temperature  data  were  analyzed  using  a  2  x  2  x  12  (Drug  Condition  x  Light  Condition  x 
Time-of-Night)  ANOVA  for  each  night  separately.  Figure  10  provides  hourly  temperature  data 
(difference  from  2000  hr  baseline)  for  the  different  treatment  conditions  on  both  nights.  As  seen, 
temperature  levels  in  the  bright-light  caffeine  condition  remained  high  across  the  night.  The 
nighttime  drop  in  temperature  was  greatly  attenuated  in  the  above  condition.  A  drop  in  nighttime 
temperature  was  still  observed  for  the  dim-light  caffeine  and  bright-light  placebo  conditions. 
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However,  the  drop  in  temperature  was  attenuated  especially  in  the  middle  portion  of  the  night. 
Table  29  presents  ANOVA  summary  data  of  all  effects  for  temperature  on  both  Night  1  and 
Night  2.  As  seen  in  the  Table,  significant  main  effects  for  Light  Condition  and  for  Time-of-Night 
were  observed  on  both  nishts.  A  significant  main  effect  tor  Drug  Londition.  was  observed  on 
Night  1  (Trend  on  Night  2).  The  main  effect  for  Time-of-Night  showed,  as  would  be  expected, 
decreases  in  temperature  across  the  night.  In  addition  to  these  main  effects,  several  significant 
interactions  were  observed:  Drug  Condition  x  Time-of-Night  (Night  1.  trend  on  Night  2),  and 
Light  Condition  x  Time-of-Night  (Night  2).  A  Modified  Bonferoni  Correction  for  planned 
comparisons  (DLP  vs.  DLC:  DLP  vs.  BLP;  DLP  VS.  BLC;  DLC  vs.  BLP;  DLC  vs.  BLC  and  BLP 
vs.  BLC  hourly  each  night  from  2100-0800  hr)  required  a  p<  .0076  to  be  significant. 

Examination  of  the  planned  comparisons  (Figure  10)  showed  significantly  higher  temperature 
levels  in  the  dim-light  caffeine  or  bright-light  placebo  conditions  tor  several  hours  in  the  middle 
of  the  night  when  compared  to  temperature  levels  in  the  dim-light  placebo  condition.  In  addition, 
the  dim-light  caffeine  and  bright-light  placebo  conditions  produced  significantly  higher 
temperature  levels  compared  to  each  other  tor  several  hours.  Higher  temperature  levels  were 
observed  in  the  dim-light  caffeine  condition  compared  to  the  bright-light  placebo  condition  on 
Night  1.  whereas  on  Night  2.  the  bright-light  placebo  condition  showed  higher  temperature  levels 
compared  to  dim-light  caffeine.  As  noted,  the  combined  treatment  of  bright-light  and  catfeine 
produced  the  largest  effects  on  nighttime  temperature.  Significantly  higher  temperature  levels  in 
the  combined  bright-light  caffeine  condition,  compared  to  the  dim-light  placebo,  dim-light 
caffeine  and  bright-light  placebo  conditions  were  observed  for  almost  all  hours  across  the  night. 

In  addition  to  the  latter  significant  effects,  a  number  ot  trends  tor  different  temperature  levels 
were  observed  (i.e..  effects  with  p  values  between  p  >  .0076  and  p<  05).  Trends  are  stated  for 
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each  condition  comparison  at  specific  time  points.  Trends  existed  tor  a  difference  in  temperature 
between  BLP  vs.  DLP  conditions  at  2200.  0300.  0400  and  0600  hr  on  Night  1.  and  at  2300  and 
0500  hr  on  Night  2:  for  a  difference  between  DLC  vs.  DLP  conditions  at  2200  hr  on  Night  1,  and 
at  2300  and  2400  hr  on  Night  2:  for  a  difference  between  BLC  vs.  DLP  conditions  at  2200  hr  on 
Night  2;  for  a  difference  between  BLP  vs.  DLC  conditions  at  2300  and  0400  hr  on  Night  1,  and 
at  0300.  0400  and  0500  hr  on  Night  2:  for  a  difference  between  BLC  vs.  BLP  at  2100  and  2200 
hr  on  Night  1.  and  at  2400  hr  on  Night  2\  for  a  difference  between  BLC  vs.  DLC  conditions  at 
2100,  and  2200  hr  on  Night  1.  and  at  2300  hr  on  Night  2  (all  p  >  .0076  and  p<  .05). 

Hypothesis  4:  RelationshipBetween  Melatonin  and  Temperature  Levels 

The  following  analyses  address  the  question  of  whether  the  catfeine  and  bright  light 
treatments  reduced  the  negative  inverse  relationship  between  melatonin  and  temperature  levels. 
Individual  subject  correlation* s  between  melatonin  and  temperature  (raw  and  transtormed  data) 
for  each  condition  are  presented  in  Table  4.  As  seen,  results  for  the  raw  and  transformed  data  are 
similar.  Almost  all  subjects  {transformed  data)  in  the  dim-light  placebo,  bright-light  placebo  and 
dim-light  caffeine  groups  showed  a  significant  negative  correlation  between  melatonin  and 
temperature.  On  the  other  hand,  less  than  half  of  the  individuals  in  the  combined  treatment  group 
showed  a  significant  correlation  between  melatonin  and  temperature  levels.  Averaging  across 
individual  subjects  for  the  transformed  data,  yields  the  highest  average  correlation  tor  the  dim- 
light  placebo  condition  {Table  4).  Average  correlations  between  melatonin  and  temperature  were 
lower  for  the  dim-light  caffeine  and  bright-light  placebo  conditions  relative  to  the  dim-light 
placebo  condition.  The  combined  treatment  of  bright-light  and  catfeine  produced  the  smallest 
average  correlation  between  melatonin  and  temperature.  .Analysis  ot  Variance  was  used  to  test 
whether  the  above  differences  between  the  conditions  were  significant.  A  2  x  ±  x  2  (Drug 
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Condition  x  Light  Condition  x  Night)  design  was  used.  Prior  to  analysis  correlation  s  were 
transformed  into  a  Z  distribution  using  the  following  formula:  1/2  log  [1-r/l-r].  The 
transformation  was  necessary  for  the  data  to  meet  the  linearity  assumption  ot  the  ANOVA  test. 
Results  show  significant  main  etfects  ot  Drug  Condition  F(l.  35)  =  1  j.89.  .001  and  Light 

Condition  F(l.  35)  =  4.38,  p<  .05.  No  etfect  ot  Night  or  interaction  etfects  were  observed. 
Planned  comparisons  (DLP  vs.  DLC:  DLP  vs.  BLP:  DLP  vs.  BLC;  DLC  vs.  BLP:  DLC  vs.  BLC 
and  BLP  vs.  BLC  each  night)  with  a  Modified  Bonferoni  correction  for  multiple  comparisons 
revealed  significant  differences  between  the  combined  catfeine  bright  light  treatment  condition 
and  the  dim-light  placebo  condition  on  both  nights  and  between  bright-light  placebo  and  dim 
light  placebo  on  Night  1  (£<  .004). 

Lastly,  a  correlation  was  made  betw'een  the  average  curve  of  melatonin  and  temperature  for 
each  condition  (Figure  12).  As  seen  in  Figure  12,  the  correlation  between  melatonin  and 
temperature  was  high  for  all  conditions,  albeit  the  correlation  tor  the  caffeine  conditions  were 
lower.  Results  show  significant  negative  correlation's  for  all  conditions  (all  p<  .05). 

Hypothesis  5:  Treatment  Effects  on  Behavior  (Alertness.  Cognition,  and  Performance^ 

Alertness 

The  following  analyses  compare  the  effectiveness  ot  the  treatments  for  their  ability  to 
maintain  nighttime  alertness  across  two  nights  of  sleep  deprivation.  Objective  alertness  was 
measured  using  the  maintenance  of  wakefulness  test  (MWT)  and  spectral  analysis  ot  the  EEG. 
Subjective  alertness  was  measured  by  the  Stanford  Sleepiness  Scale  (SSS). 

To  begin,  for  each  alertness  measure,  data  were  averaged  into  a  single  score  tor  each  night  and 
analyzed  using  a  2  x  2  x  2  (Drug  Condition  x  Light  Condition  x  Night)  ANOVA  for  each 
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measure.  In  addition.  Time-of-Night  effects  were  observed  tor  each  night  separately  using  a  2  x  _ 
x  4  (Drug  Condition  x  Light  Condition  x  Time-ot-Night)  ANOVA. 

Maintenance  of  Wakefulness  Test.  For  the  MWT.  latencies  to  3  continuous  epochs  of  sleep 
were  shorter  on  Night  2  compared  to  Night  1  for  all  groups  (Means  in  minutesfSEM]:  dim  light 
placebo  Night  1=  12.98f0.66].  Night  2=6.61  [1.05];  bright  light  placebo  Night  1=  13.49[0.73], 
Night  2=6.8 1  [1 .01];  dim  light  caffeine  Night  1=  14.40[0.60],  Night  2=10.54[0.89];  combined 
bright  light  and  caffeine  Night  1=  15.00[0.00],  Night  2=1 1 .6 1  [  1 . 1 5]).  The  SEM  of  0.00  for  the 
bright-light  caffeine  condition  on  Night  1  shows  that  not  one  subject  in  that  condition  fell  asleep 
on  Night  1.  When  interpreting  the  data  from  the  ANOVA  test  it  is  important  to  consider  that  the 
assumption  of  homogeneity  of  variance  is  broken.  Caffeine  alone  and  the  combined  treatment  of 
caffeine  and  bright  light  maintained  higher  levels  of  alertness  compared  to  dim-light  placebo  and 
bright  light  alone;  the  latter  effect  was  especially  marked  on  Night  2.  .Analysis  of  variance  results 
for  the  MWT  data  show  main  effects  of  Drug  Condition  F(l,  36)  =  18.1 1.  _p<  01  and  Night  F(l, 
36)  =  1 13.24.  _p<  .01.  as  well  as  a  Drug  Condition  x  Night  interaction  F(l,  36)  =  9.25.  _p<  .01. 

No  significant  differences  among  conditions  were  observed  for  latency  to  sleep  on  Night  1  of 
sleep  deprivation.  There  was  however  a  trend  for  a  shorter  latency  to  sleep  in  the  dim-light 
placebo  condition  compared  to  the  bright-light  caffeine  condition  on  Night  1  (p  =  04;  A 
modified  Bonferoni  Correction  Factor  required  a  p<  .003  for  significance).  On  Night  2.  latency 
to  sleep  was  significantly  affected  by  the  treatment  groups.  Specifically,  planned  comparisons 
showed  sleep  latency  in  the  dim-light  placebo  and  bright-light  placebo  conditions  to  be 
significantly  shorter  compared  to  sleep  latencies  in  the  dim-light  caffeine  and  bright-light 
caffeine  conditions  (both  p<  .003.  No  difference  between  the  caffeine  conditions  on  latency  to 
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sleep  was  observed.  Planned  comparisons  also  revealed  significantly  shorter  latencies  to  sleep 
for  all  conditions  on  Night  2  when  compared  to  sleep  latencies  on  Night  1  (all  p<  .003). 

Time-of-Nieht  effects  were  also  tested.  Figure  13  provides  MWT  data  lor  each  condition  on 
both  nights  for  each  trial.  As  can  be  seen,  caffeine  alone  or  the  combined  treatment  of  caffeine 
and  bright  light  maintained  higher  levels  ol  alertness  compared  to  dim  light  placebo  and  bright 
light  alone  for  the  last  trial  on  Night  1  and  for  the  last  three  trials  on  Night  2.  Repeated  measure 
ANOVAs  for  the  nighttime  hours  showed  significant  main  elfects  lor  Drug  Condition  on  Night 

1  F(l,  36)  =  6.50.  _£<  .05  and  on  Night  2  F(l,  36)  =  17.95.  p<  .001,  and  for  Time-of-Night  on 

Night  1  F(3,  108)=  1 1 .64.  .0001  and  on  Night  2  F(3.  108)  =  20.86.  p<  .0001.  In  addition,  an 

interaction  between  Drug  and  Time-of-Night  on  Night  1  F(3,  108)  =  6.96,  j)<  .001  and  on  Night 

2  F(3,  108)  =  7.25,  p<  .001  of  sleep  deprivation  were  observed.  In  general,  caffeine  produced  a 
longer  latency  to  sleep  than  no  caffeine.  As  would  be  expected  latency  to  sleep  shortened  across 
the  night.  Planned  comparisons  (Figure  13)  show  dim-light  calfeine  and  the  combined  treatment 
of  bright-light  and  caffeine  to  exhibit  significantly  longer  sleep  latencies  on  both  nights  when 
compared  to  the  dim-iight  placebo  and  bright-light  placebo  conditions.  These  latter  etfects  were 
especially  evident  in  the  early  morning  hours. 

The  alerting  effects  of  caffeine  also  appear  to  carry  over  into  the  daytime  hours.  That  is, 
alertness  was  greater  in  the  dim-light  caffeine  and  bright-light  catfeine  conditions  compared  to 
alertness  in  the  dim-light  placebo  condition  tor  the  daytime  MWT.  A  2  x  2  (Drug  Condition  x 
Light  Condition)  ANOVA  was  used  to  test  tor  differences  in  alertness  on  the  daytime  MWT.  The 
latter  test  occurred  between  6.5  hrs  and  8  hrs  tollowing  the  ingestion  ot  catfeine  at  0200  hrs. 
Analysis  of  variance  results  for  the  daytime  MWT  show  a  significant  main  effect  tor  Drug 
Condition  F(l.  36)  =  20.78.  p<  .01.  No  main  effect  of  Light  Condition  nor  an  interaction  of 
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Drug  Condition  x  Light  Condition  was  observed.  Planned  comparisons  revealed  longer  sleep 
latencies  for  the  dim-light  caffeine  and  the  combined  bright-light  carfeine  conditions  compared 
to  dim  light  placebo  ( both  p<  .008).  Both  caffeine  groups  also  showed  a  trend  for  significantly 
longer  sleep  latencies  compared  to  the  bright-light  placebo  condition  tor  the  daytime  MWT  (jo  - 
.018  for  dim-light  caffeine:  g  =  .015  for  bright-light  caffeine;  a  modified  Bonteroni  Correction  of 
P<.008  was  necessary  for  significance). 

Spectral  Analysis  of  the  EEG.  Objective  alertness  was  also  measured  using  power  spectral 
analysis  of  EEG  activity.  Figures  42-43  presents  data  tor  delta,  theta  alpha  and  beta  absolute 
power.  Little  systematic  effect  of  the  treatments  on  EEG  data  were  observed. 

Stanford  sleepiness  scale  (SSS).  The  effects  of  the  caffeine  and  light  treatments  on  subjective 
alertness  are  presented  next.  A  higher  score  on  the  Stanford  Sleepiness  Scale  represents  more 
sleepiness. 

Mean  sleepiness  [SEM]  on  the  SSS  for  the  treatment  conditions  was:  dim-light  placebo  Night 
1=  4.33[0.19],  Night  2=5.65[0.24j;  bright-light  placebo  Night  1=  4.33[0.19],  Night  2=4.85[0.24]; 
dim-light  caffeine  Night  1=  3.57[0.24],  Night  2=o.64[0.18];  and  bright-light  catteine  Night 
1=2.82[0.3 1],  Night  2=4.70[0.28]).  Analysis  of  variance  results  show  main  effects  for  Drug 
Condition  F(l,  36)  =  8.29.  p<  .01.  for  Light  Condition  F(l,  36)  =  8.77.  _g<  .01).  and  for  Night 
F(l,  36)  =  175.55,  _g<  .01).  In  addition,  several  significant  interactions  were  observed:  Drug 
Condition  x  Night  F(l,  36)  =  23.24,  jj<  .01).  and  a  Light  Condition  x  Night  F(l.  36)  =  5.18,  _e< 
.05).  Planned  comparisons  revealed  significantly  higher  subjective  sleepiness  on  Night  1  for  the 
dim-light  placebo  and  for  the  bright-light  placebo  conditions  compared  to  the  dim-light  caffeine 
and  bright-light  caffeine  conditions  (both  p<  .003).  No  effect  ot  bright-light  placebo  on 
subjective  alertness  was  observed  on  Night  1 .  On  Night  2  however,  higher  subjective  sleepiness 
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was  observed  in  the  dim-light  placebo  condition  compared  to  the  bright-light  placebo  and  bright- 
light  caffeine  conditions  (both  p<  .003).  The  dim-light  caffeine  condition  showed  significantly 
higher  sleepiness  compared  to  bright-light  caffeine  on  Night  1 .  On  Night  2,  significantly  higher 
subjective  sleepiness  in  the  dim-light  catfeine  condition  was  observed  compared  to  sleepiness  in 
both  the  bright-light  placebo  and  bright-light  catfeine  conditions.  Planned  comparisons  also 
revealed  significantly  higher  subjective  sleepiness  on  Night  2  compared  to  Night  1  for  the  dim- 
light  placebo,  dim-light  caffeine,  and  the  combined  treatment  condition  (p<  .003).  Subjects  in  the 
bright-  light  placebo  condition  showed  a  trend  for  higher  subjective  sleepiness  on  Night  2  (|>  = 
.024;  the  Modified  Bonferoni  correction  factor  required  ag<  .003  to  be  significant). 

To  determine  whether  Time-of-Night  affected  the  above  results,  SSS  data  were  analyzed  using 
a  2  x  2  x  4  (Drug  Condition  x  Light  Condition  x  Time-of-Night)  ANOVA  for  each  night 
separately.  Figure  14  provides  SSS  data  for  each  treatment  condition  on  both  nights  for  each 
trial.  As  seen,  the  combined  treatment  condition  shows  less  subjective  sleepiness  than  dim-light 
placebo  across  the  night  on  both  nights  of  sleep  deprivation.  The  dim-light  caffeine  condition  on 
Night  1  and  the  bright-light  caffeine  condition  on  Night  2.  show  less  subjective  sleepiness  across 
the  night  compared  to  the  dim-light  placebo  condition.  Analysis  of  variance  shows  significant 
main  effects  for  Drug  Condition  F(l,  36)  =  22.95,  e<  0001,  and  for  Time-ot-Night  F(o,  108)  = 
25.26.  q<  .0001  on  Night  1.  On  Night  2.  significant  main  effects  for  Light  Condition  F(l,  36)  = 
13.46,  p<  .001,  for  Time-of-Night  F(3,  108)  =  24.57.  p<  .0001)  and  a  Light  Condition  x  Time-of- 
Night  interaction  F(3,  108)  =  3.74,  p<  .05  were  observed.  Planned  comparisons  revealed 
significantly  less  sleepiness  for  the  combined  treatment  condition  compared  to  all  three 
individual  treatments  alone  for  a  number  of  measurements  during  the  night.  The  caffeine  alone 
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condition  on  Night  1  and  the  bright  light  alone  condition  on  Night  2  showed  significantly  less 
sleepiness  compared  to  dim  light  placebo  for  some  time  points  measured. 

Performance  Measures 

The  following  analyses  compare  the  effectiveness  of  the  treatments  for  their  ability  to  enhance 
nighttime  performance  across  two  nights  ot  sleep  deprivation. 

A  general  summary  of  performance  data  is  provided  in  Table  5.  This  table  shows  the 
percentage  of  time  performance  was  better  under  treatment  conditions  compared  to  dim  light 
placebo  tabulated  for  all  measures  for  each  night  of  sleep  deprivation.  Specifically,  means  for 
each  performance  trial  in  the  caffeine  and  bright  light  treatment  conditions  were  compared  to  the 
dim  light  placebo  condition  (4  performance  trials  across  each  night  of  sleep  deprivation  =  8  total 
trials).  If  better  performance  occurred  in  the  caffeine  and  bright  light  treatment  conditions 
compared  to  dim  light  placebo  a  score  of  1  was  given  to  the  treatment  for  that  trial.  Otherwise,  if 
performance  was  the  same  or  lower  in  the  treatment  group  compared  to  dim  light  placebo  a  score 
of  0  was  assigned.  The  total  number  of  Is  were  then  tabulated  for  each  condition  separately  and 
divided  bv  152  (the  total  number  of  comparisons  for  each  night).  The  final  data  were  thus  a 
percentage  of  the  time  that  performance  was  better  under  that  treatment  compared  to  dim  light 
placebo.  See  Appendix  F  for  a  complete  listing  of  all  possible  measures.  As  seen  in  Table  5, 
the  combined  bright-light  caffeine  condition,  as  well  as  the  dim-light  caffeine  condition  shows 
better  overall  performance  compared  to  the  dim  light  placebo  condition  on  both  nights  ot  sleep 
deprivation.  Bright-light  placebo  on  the  other  hand,  tended  to  enhance  overall  performance 
relative  to  dim-light  placebo  only  on  Night  2. 

Due  to  the  number  of  tasks  and  number  ot  variables  tor  each  task  that  could  be  analyzed,  only 
throughput  scores  and  a  few  ‘"select  measures*’  were  examined.  '"Select  measures  were 
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analyzed  because  some  of  the  tasks  did  not  have  a  throughput  score.  Throughput  is  derived  from 
accuracy  and  speed  data  yielding  a  measure  of  correct  responses  per  minute.  The  throughput 
measure  is  thus  sensitive  to  changes  in  accuracy  and  speed  performance.  This  sensitivity  of  the 
throughput  measure  is  useful  when  examining  performance  during  sleep  deprivation  since  when 
sleepy  or  fatigued,  subjects  typically  slow  down  to  increase  accuracy  performance  or  reduce 
accuracy  to  increase  speed  performance.  Table  30  provides  a  list  of  tasks  and  the  measure  or 
measures  analyzed  for  that  task.  Note  that  tasks  are  divided  into  two  groupings;  those  with 
memory  components  and  those  without  memory  components. 

Analysis  of  throughout  measures 

A  general  summary  of  the  throughput  and  '‘select  measures  is  provided  in  Table  3 1 .  The  table 
provides  the  percentage  of  the  time  performance  was  better  under  the  bright  light  and  caffeine 
conditions  compared  to  dim-light  placebo  for  each  task  averaged  across  all  time  points  of  the 
deprivation  period  (2130  h,  0030  h,  0330  h  and  0630  h  -  both  nights).  In  addition,  an  average 
was  also  created  for  time  points  after  0200  h  (0330  h  and  0630  h).  The  after  0200  hr  comparison 
is  of  interest  since  performance  is  at  it  worst  in  the  early  morning  hours.  As  seen  in 
the  table,  performance  in  the  combined  treatment  of  bright-light  and  caffeine  condition  was  100 
%  of  the  time  better  than  performance  in  the  dim-light  placebo  group  tor  9  of  the  13  tasks  when 
comparing  all  time  points  tested.  The  number  raises  to  1 1  of  13  tasks  when  only  the  early 
morning  hours  are  compared.  Overall  performance  for  the  dim-light  caffeine  condition  was  100 
%  of  the  time  better  relative  to  the  dim  light  placebo  condition  ror  ^  of  the  13  tasks.  In  the  early 
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Table  30 


List  of  Performance  Tasks  and  Measures  Analyzed 


Tasks  with  a  memory  component 


Dual  Task  -  Throughput 

Switching  Task  -  Math  Throughput 

Reaction  Time  Task  (Time  Uncertainty  Block)  -  Throughput 

Continuous  Recognition  -  Throughput 

Two-Column  Addition  -  Throughput 

Digit  Recall  -  Throughput 

Probed  Force  Memory  Recall  -  Strong  Associates  Recalled 
Probed  Force  Memory  Recall  -  Weak  Associates  Recalled 
Thurstone  -  Number  of  Words  Generated 


Tasks  without  a  memory  component 


Dual  Task  -  Control  Losses 
Switching  Task  -  Mannequin  Throughput 
Wilkinson  Four  Choice  Reaction  Time  -  Throughput 
Modified  Psychomotor  Vigilance  Task  -  Reaction  Time 


morning  hours,  the  number  of  tasks  raises  to  9  of  13.  Lastly,  pertormance  in  the  bright  light 
alone  condition  was  100  %  better  relative  to  performance  in  the  dim  light  placebo  condition  in  4 
of  13  tasks  for  overall  performance  and  in  5  of  13  tasks  during  the  early  morning  hours.  Unlike 
the  caffeine  conditions  which  tended  to  enhance  performance  on  tasks  with  and  without  memory 
components,  performance  in  the  bright  light  alone  condition  tended  to  improve  tor  tasks  without 
a  memory  component.  Specifically,  performance  in  the  bright-light  placebo  condition  was  100  /a 
of  the  time  better  in  4  out  of  4  tasks  without  a  memory  component,  w  hereas  for  tasks  with  a 
memory  component  bright-light  placebo  was  better  for  only  1  task  out  ot  9.  On  none  of  the  tasks 
was  performance  in  the  dim  light  placebo  condition  100  %  ot  the  time  greater  than  pertormance 
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Switching  Task-Manikin  -  Throughput  100  100  100  100  88  100 

Wilkinson  -  Throughtput  100  100  88  100  100  100 

Psychomotor  Vigilance  Task  -  Reaction  Time  100  100  88  75  100  100 


in  the  caffeine  alone  or  combined  bright  light  catfeine  conditions.  There  was  however,  one  task 
in  which  performance  of  the  dim-light  placebo  group  was  100%  ot  the  time  greater  than 
performance  in  the  bright  light  alone  group  -  Continuous  Recognition  -  Throughput. 

Next,  repeated  measure  ANOVAs  were  used  to  test  for  difference  in  performance  between 
conditions.  Night  and  Time-of  Night.  To  begin,  each  performance  task  was  averaged  into  a 
single  score  for  each  night  and  analyzed  using  a  2  x  2  x  2  (Drug  Condition  x  Light  Condition  x 
Night)  ANOVA.  Time-of-Night  effects  were  then  tested  using  a  2  x  2  x  4  (Drug  Condition  x 
Light  Condition  x  Time-of-Night)  ANOVA  for  each  night  separately.  Results  of  the  ANOVA 
analyses  for  all  tasks  are  provided  in  Tables  32a,  34a  and  34b  for  tasks  with  a  memory 
component.  Results  for  tasks  without  a  memory  component  are  presented  in  Tables  32b  and  34c. 
Four  tasks  showing  prominent  effects  of  the  treatments  are  discussed  in  detail.  Two  tasks  from 
each  list  of  those  with  and  without  memory  components  were  examined.  The  tasks  with  a 

memory  component  will  be  discussed  first. 

Tasks  with  a  Memory  Component.  The  tasks  selected  from  the  list  of  measures  with  a 
strong  memory  component  are  the  Dual  Task  Throughput  performance  and  the  Switching  Task 
Math  Throughput  performance. 

Dual  Task  -  Throughput.  As  seen  in  Table  32a.  significant  main  effects  for  Drug 
Condition,  for  Light  Condition  and  for  Night  were  observed  for  the  Dual  Task  Throughput 
performance.  No  significant  interaction  effects  were  observed.  There  was  however  a  trend  for  an 
interaction  for  Drug  condition  x  Night.  In  general,  performance  was  better  under  caffeine  versus 
no  caffeine  and  better  under  bright  light  versus  dim  light.  Performance  also  tended  to  be  worse 
on  Night  2  compared  to  Night  1 .  Table  33a  presents  the  average  performance  scores  for  the  Dual 
Task  Throughput  performance.  As  predicted,  planned  comparisons  show  performance  to  be  best 
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in  the  brieht-iight  caffeine  condition.  On  Night  1.  the  bright-light  caffeine  condition  showed 
significantly  better  performance  than  the  dim-iight  placebo  and  dim-light  caffeine  conditions.  On 
Night  2.  the  combined  treatment  condition  showed  significantly  better  performance  compared  to 
all  conditions.  Performance  in  the  bright-light  placebo  and  dim-light  catfeine  conditions  was 
enhanced  relative  to  dim-light  placebo.  Significantly  better  performance  tor  the  dim-light 
caffeine  on  Night  2  and  significantly  better  performance  for  the  bright-light  placebo  condition  on 
both  Nights  1  &  2  were  observed  relative  to  the  dim-light  placebo  condition.  No  difference  in 
performance  was  observed  between  the  dim-light  caffeine  and  bright-light  placebo  conditions  on 
either  nieht.  In  addition,  performance  for  all  conditions  did  not  significantly  worsen  from  Night  1 
to  Night  2.  Time-of-Night  effects  on  the  above  results  was  examined  next. 

Table  34a  presents  results  of  the  ANOVA  analysis  for  the  Time-of-Night  effects  for.  Dual  Task 
Throughput  performance.  As  shown,  there  are  significant  main  effects  for  Drug  Condition  on 
Night  2,  for  Light  Condition  on  Nights  1  &  2  and  for  Time-of-Night  on  Nights  1  and  2.  In 
addition  a  significant  Drug  x  Time-of-Night  effect  was  observed  on  Night  2  (Trend  on  Night  1). 
In  general,  performance  was  worse  as  the  night  progressed.  That  is  pertormance.  at  the  end  of  the 
night  was  w'orse  than  performance  at  the  beginning  of  the  night.  Examination  of  the  planned 
comparisons  (Figure  15)  show  significant  effects  of  the  treatments  on  performance  especially 
between  2300  and  0800  hr  each  night. 

The  bright-light  placebo  condition  showed  significantly  better  performance  compared  to  the 
dim-light  placebo  condition  on  Night  1  for  the  0030  measurement  and  on  Night  2  for  the  2130 
and  0330  measurements.  In  addition,  significantly  better  pertormance  in  the  bright-light 
condition  compared  to  the  dim-light  caffeine  condition  was  observed  on  Night  1  for  the  0030 
measurement.  The  dim-light  caffeine  condition  significantly  improved  performance  over  dim- 
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light  placebo  only  on  Night  2  for  the  0630  measure.  However,  the  bright-light  caffeine  condition 
showed  the  most  marked  effects  on  performance.  Dual  Task  Throughput  pertormance  was 
significantly  better  in  the  bright-light  caffeine  condition  compared  to  dim-light  placebo  for  all 
measurements  taken  on  both  nights  of  sleep  deprivation.  Additionally,  the  combined  treatment  of 
bright-light  and  caffeine  showed  significantly  improved  performance  compared  to  the  dim-light 
caffeine  and  bright  light  placebo  conditions  for  several  measures  each  night  (Figure  15). 

Switching  Task  -  Math  Throughput.  Table  32a  shows  a  significant  main  effect  for 
Drug  Condition  and  a  trend  for  Night  for  the  Switching  Task  Math  Throughput.  No  significant 
main  effects  for  Light  condition  or  for  Night,  nor  any  interaction  effects  were  observed.  In 
general,  performance  was  better  under  caffeine  versus  no  caffeine.  The  average  performance 
scores  for  the  Switching  Task  are  presented  in  Table  33a.  Planned  comparisons  show 
performance  to  be  best  in  the  caffeine  conditions.  On  Nights  1  and  2.  the  bright-light  caffeine 
condition  and  the  dim-light  caffeine  condition  showed  significantly  better  throughput 
performance  than  the  dim-light  placebo  and  bright-light  placebo  conditions  (Table  33a).  No 
difference  between  performance  in  the  bright-light  caffeine  and  dim-light  caffeine  conditions 
were  observed.  Time-of-Night  effects  on  the  above  results  are  examined  next. 

Table  34a  presents  results  of  the  ANOVA  analysis  for  the  Time-ot-Night  effects  tor  Switching 
Task  performance  (Math  Throughput).  As  shown,  there  are  significant  main  effects  for  Drug 
Condition  on  Nights  1  and  2.  and  Time-of-Night  on  Nights  1  and  2.  In  addition,  significant  Drug 
Condition  x  Time-of-Night  and  Light  Condition  x  Time-of-Night  interactions  were  observed  on 
Night  2.  In  general,  high  levels  of  Math  Throughout  performance  were  maintained  in  the  caffeine 
conditions  across  the  night  and  performance  worsened  across  the  night  in  the  dim-light  placebo 
condition,  especially  on  Night  2.  Examination  of  the  planned  comparisons  (Figure  15)  show 


H-20 


significantly  better  performance  in  the  caffeine  conditions  compared  to  both  placebo  conditions 
for  most  time  points  both  nights.  The  bright-light  placebo  condition  showed  no  significant  effects 
on  Math  Throughput  performance.  No  difference  in  performance  was  observed  between  the  dim- 
light  caffeine  and  bright-light  catfeine  conditions. 

Tasks  without  a  memory  Component.  Tasks  selected  from  the  list  of  measures  without 
memory  components  include  the  Dual  Task  Control  Losses  performance  and  Wilkinson  Four 

Choice  Reaction  Time  Throughput  performance. 

Dual  Task  -  Control  Losses.  As  seen  in  Table  32b.  significant  mam  effects  for  Drug 
Condition,  for  Light  Condition  and  for  Night  were  observed  for  the  Dual  Task  Control  Losses 
performance.  In  addition,  a  significant  interaction  effect  tor  Light  Condition  x  Night  was 
observed.  No  other  significant  interaction  effects  occurred.  Table  o3b  presents  the  average 
performance  for  each  condition  on  each  night.  The  lower  the  control  losses  the  better  the 
performance.  In  general,  performance  was  better  under  caffeine  versus  no  caffeine  and  better 
under  bright  light  versus  dim  light.  Performance  also  tended  to  be  worse  on  Night  2  compared  to 
Night  1.  As  predicted,  planned  comparisons  show  the  most  marked  effect  on  performance  in  the 
bright-light  caffeine  condition  (Table  33b).  On  Night  1.  the  bright-light  catfeine  condition 
showed  significantly  better  performance  than  the  dim-light  placebo  and  bright-light  placebo 
conditions.  On  Night  2,  the  combined  treatment  condition  showed  significantly  better 
performance  compared  to  all  conditions.  Performance  in  the  bright-light  placebo  and  dim-light 
caffeine  conditions  was  improved  relative  to  dim-light  placebo  only  on  Night  _.  No  difference  in 
performance  was  observed  between  the  dim-light  catfeine  and  bright-light  placebo  conditions  on 
either  night  for  Dual  Task  Control  Losses  performance.  Time-of-Night  effects  on  the  above 
results  was  examined  next. 
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Table  34c  presents  results  of  the  ANOVA  analysis  for  the  Time-of-Night  effects  tor  Dual 
Task  Control  Loss  performance.  As  shown,  there  are  sigmticant  main  etfects  tor  Drug  Condition 
on  Niehts  1  and  2.  for  Light  Condition  on  Night  2  and  for  Time-ot-Night  on  Nights  1  and  2.  in 
addition,  significant  Drug  Condition  x  Time-of-Night  effects  were  observed  on  Nights  1  and  2. 
and  significant  Light  Condition  x  Time-of-Night  effects  was  observed  on  Night  2.  No  other 
interaction  effects  were  observed.  In  general,  performance  was  worse  as  the  night  progressed. 
That  is  performance,  at  the  end  of  the  night  was  worse  than  performance  at  the  beginning  of  the 
night.  Examination  of  the  planned  comparisons  (Figure  18)  show  significant  etfects  of  the 
treatments  on  performance  especially  between  2300  and  0800  hr  each  night.  The  bright-light 
placebo  and  dim-light  placebo  conditions  significantly  improved  Dual  Task  Control  Loss 
performance  for  several  measurements  during  the  early  morning  hours  each  night.  That  is, 
performance  was  significantly  improved  in  both  treatments  compared  to  dim-light  placebo  for 
the  0630  measurement  on  Night  1  and  Night  2.  The  bnght-light  placebo  condition  also  showed 
significantly  better  performance  compared  to  dim-light  placebo  for  the  0330  measurement  on 
Nieht  2.  The  bright-light  caffeine  condition  showed  significantly  better  pertormance  compared  to 
dim-light  placebo  for  all  but  one  measurement  during  sleep  deprivation  (Figure  18). 

Additionally,  Dual  Task  Control  Loss  performance  was  significantly  better  in  the  bright-light 
caffeine  condition  compared  to  both  the  bnght-light  placebo  and  dim-light  placebo  conditions 
dunna  the  early  morning  hours  (i.e..  after  0200  hr)  on  both  nights  (Figure  18). 

Wilkinson  Four  Choice  Reaction  Time  -  Throughput.  Table  32b  shows  significant 
main  effects  for  Light  Condition  and  for  Night  on  the  Wilkinson  Four  Choice  Reaction  Time 
(Throughput)  task.  No  significant  main  effect  for  Drug  or  any  interaction  effects  were  observed. 
In  general,  performance  was  better  under  bright  light  versus  dim  light  and  better  on  Night  1  than 
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on  Night  2.  The  average  performance  scores  for  the  Throughput  measure  are  presented  in  Table 
33b.  Higher  throughput  scores  represent  better  performance.  As  predicted,  the  bright-light 
caffeine  condition  showed  the  most  marked  effects  on  pertormance.  On  Nights  1  and  2.  the 
bright-light  caffeine  condition  showed  significantly  better  pertormance  compared  to  all  other 
conditions.  The  bright-light  placebo  condition  showed  significantly  better  performance  compared 
to  dim-light  placebo  on  Night  2.  Performance  significantly  worsened  on  Night  2  compared  to 
Night  1  for  the  dim-light  placebo,  dim-light  catfeine  and  bright-light  catfeine  condition.  Time-of- 

Night  effects  on  the  above  results  are  examined  next. 

Table  34c  presents  results  of  the  ANOVA  analysis  for  the  Time-of-Night  etfects  for 
Wilkinson  Four  Choice  Reaction  Time  Throughput  performance.  As  shown,  there  are  significant 
main  effects  for  Light  Condition  on  Night  2  (Trend  on  Night  1 )  and  for  Time-of-Night  on  both 
Nights  1  and  2.  The  effect  for  Drug  showed  a  trend  on  Night  1.  In  addition  to  the  main  effects, 
significant  interactions  for  Drug  x  Time-of-Night  on  Night  1  and  for  Light  x  Time  of  Night  on 
Night  2  were  observed.  No  other  interaction  effects  occurred.  In  general,  performance  was  worst 
during  the  early  morning  hours  after  0200  hr.  As  predicted,  pertormance  on  the  Wilkinson  Four 
Choice  Reaction  Time  task  was  best  in  the  bright-light  catfeine  condition  (Figure  1 8). 
Examination  of  the  planned  comparisons  (Figure  18)  show  the  bright-light  catfeine  condition  to 
significantly  improve  performance  compared  to  the  dim-light  placebo  condition  on  all  but  one 
measurement  during  sleep  deprivation.  Furthermore,  pertormance  in  the  bright-light  catfeine 
condition  was  significantly  better  compared  to  performance  in  the  dim-light  catfeine  and  bright- 
light  caffeine  conditions  especially  after  0200  hr  .  The  bright-light  placebo  condition  showed 
significantly  better  performance  compared  to  the  dim-light  placebo  condition  after  0200  hr  on 
Nights  1  and  2.  Similarly,  the  dim-light  caffeine  condition  significantly  improved  performance 
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over  dim-light  placebo  after  0200  hr  but  only  on  Night  1 .  No  significant  differences  were 
observed  on  the  Wilkinson  task  between  the  dim-light  caffeine  and  bright-light  placebo 


conditions  at  any  time  during  the  night. 
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Note.  Values  in  parentheses  represent  p  v 
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Table  33a 


Means  for  Performance  Data:  Effect  of' Sleep  Deprivation  (Night  1  vs.  Night  2).  Tasks  with  a  Memory  Component 


Measure  j  Dim  Light 

i  Placebo 

Bright  Light  l  Dim  Light 
Placebo  Caffeine 

Bright  Light 
Caffeine 

Dual  Task  Throughput 

;  Night  1 

!  Night  2 

77.47 

67.44 

89.96  ’  84.84B 

84.13  *B  !  79.57  *B 

96.33  * 
97.13  * 

Switching  Task-Math  Throughput 

Night  1 
Night  2 

23.59 

22.00 

22.05  ■  + 

24.26  ■  + 

27.32  • 
28.90  * 

28.86  * 
30.94  * 

Reaction  Time-Time  Throughput 

Uncertainty  Block  Night  1 

Night  2 

N 

80.53 

69.68 

i 

N 

75.00  B  76.13B 

70.25  B  69.50  B 

84.01 

78.75  * 

Continuous  Recognition 

Throughput 

Night  1 
Night  2 

41.74 

44.15 

39.13  a  1  41.80  a 
4109a  '  44.20  a 

50.12  * 
54.67  * 

Two-Column  Addition 

Throughput 

Night  1 
Night  2 

2.48 

2.45 

2.65 

2.54 

3.07  • 

2.61  ■ 

3.13  * 

3.26  * 

Digit  Recall 

Throughput 

Night  1 
Night  2 

7.44 

6.78 

7.76  a 

7.41  a 

841 

7.59  a 

m 

Probed  Forced  Strong  Associates 

Memory  Recall  j  recalled 

Night  l 
Night  2 

N 

1.73 

1.33 

j 

1.60  !  1.73 

145  !  L42 

1.85 

1.56 

Probed  Forced  j  Weak  Associates 

Memory  Recall  i  recalled 

Night  1 

j  Night  2 

1.22 

1.03 

1.45 

1.17 

N 

146 

0.96  a 

1.63 

1.44 

Thurstone 

~  words  generated 
Night  1 
Night  2 

5.63 

4.23 

5.09  a 

4.75  a 

5.29 

5.20  a 

r  ^  r 

7.10 

7.23  * 

t  n  or  r 

Note.  *  =  Significant  difference  between  treatment  and  DLP;  ■  -  significant  difference  between  BLP  and  BLC  or 


DLC  and  BLC; 

-  =  significant  difference  between  BLP  and  DLC;  N  =  significant  difference  between  Night  1  and  Night  2.  A  2< 
.003  (Modified  Bonferoni  Correction)  was  used  to  determine  significant  effects. 
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Table  33b 


Means  for  Performance  Data:  Effect  ot  Sleep  Deprivation  (Might  1  vs.  Night  2j= 
Tasks  without  a  Memory  Component 


Task 

Measure 

Dim  Light 
Placebo 

Bright  Light 
Placebo 

Dim  Light 
Caffeine 

Bright  Light 
Caffeine 

Dual  Task 

Control  Losses 
Night  1 
Night  2 

N 

26.24 

34.05 

22.62  * 

22.50  ■  * 

19.51 

23.99  ■  * 

12.62  * 

12.27  * 

Switching  Task-  Mannequin 

Throughput 
Night  1 
Night  2 

24.78 

26.80 

N 

25.64  ■  + 

29.39  a+ 

N 

29.93  ■  * 

33.66  ** 

N 

33.21  * 

38.89  * 

Wilkinson  Four  Choice 
Reaction  Time 

Throughput 
Night  l 
Night  2 

N 

161.52 
149.92  : 

170.51  ■ 

161.78  ■  * 

N 

170.43  • 

154.80  a 

N 

184.27* 
174.30  * 

PVT  -  Psychomotor 
Vigilance  Task 

Reaction  Time 
Night  1 
Night  2 

N 

318.96 

362.68 

N 

3 12.49  ■ 

338.38  ■ 

•  »  i  ■  _ 

N 

290.68 

352.65  * 

N 

267.15  * 
299.91  * 

n  nn/4  Q I  P  nr 

Note. «  =  Significant  difference  between  treatment  and  DLP;  ■  =  significant  difference  between  BLP  and  BLC  or 


DLC  and  BLC; 

-  =  significant  difference  between  BLP  and  DLC;  N  =  significant  difference  between  Night  1  and  Night  2.  A  2< 
.003  (Modified  Bonferoni  Correction)  was  used  to  determine  significant  effects. 
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Analysis  of  Variance  Summary  Table  lor  2  x  2  x  4  (Dnm  Condition  x  l.inlil  Condition  x  Tiine-ol-NiRlu)  Repealed  Measures  Analysis 
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Table  34c 
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ABSTRACTS 


EFFECTS  OF  NONSTEROIDAL  ANTI  -  INFLAMNATORY  DRUGS  ON  BOOT  TENPERATURE  AND  MELATONIN 

P.  Badla,  B.  Myers,  and  P.  Murphy 
Bowling  Green  State  University 

Melatonin  (MEL)  and  body  temperature  (BT)  have  become  primary  markers  for  studying  the 
circadian  system.  Our  laboratory  is  Interested  In  the  relationship  between  the  two  measures. 
We  recently  cited  evidence,  both  human  and  non-human,  suggesting  that  MEL  pi*ys  J  d 
role  in  thermoregulation*.  Among  other  things,  the  evidence  that  we  rev  ewed  indicated 
that:  (a)  MEL  and  BT  levels  are  inversely  related:  b)  exogenous  MEL  r*d“«s  BT,  and  c)  MEL 
suppression  increases  BT.  The  present  report  focuses  on  the  effects  of  MEL  suppress  on  on 
8T.  Suppression  of  MEL  is  usually  achieved  by  exposure  to  bright  light  during  the  nighttime 
hours;  however,  other  researchers  have  shown  that  MEL  can  also  be  ™duced  b*  not 

ibuprofen,  a  common  nonsteroidal  anti-inflammatory  drug  (NSAID)2.  The  latter  study  did 
record  BT.  However,  given  that  the  NSAID  reduced  MEL  levels  and  that  MEL  decreases  BT,  it 
would  be  expected  that  ingestion  of  ibuprofen  during  the  nighttime  hours  would  prevent  or 
retard  the  normal  drop  in  BT.  That  is,  those  subjects  administered  ibuprofen  would  have  a 
higher  nighttime  BT  than  those  administered  placebo.  In  contrast,  ln9est|°2Tof T 1buP^;*” 
during  the  daytime  hours  (when  MEL  levels  are  very  low)  should  not  affect  BT.  In  add^™n 
to  ibuprofen,  the  effects  of  two  other  NSAIDs  (acetaminophen,  aspirin)  were  also  studied. 
Procedures .  Male  college  students  were  screened  for  general  health,  regularity  of  sleep- 
wake  schedule,  and  the  use  of  medications.  Since  NSAIDs  are  known  to  affect  endogenous 
prostaglandins  for  up  to  72  hours,  subjects  refrained  from  taking  NSAIDs  for  72  hours  prior 
to  being  tested.  Throughout  the  experimental  session,  subjects  were  seated  upright  and 
allowed  only  to  read  under  light  of  <  100  lux.  Subjects  sat  quietly  for  two  hours  prior  to 
testing  to  eliminate  masking  effects  caused  by  their  previous  activity.  Tympanic  temperature 
was  assessed  every  15  minutes  and  saliva  samples  were  collected  every  hour  for  MEL  assay. 
Assignment  to  a  condition  was  random  and  double-blind.  Testing  sessions  occurred  either 
during  the  nighttime  (2300  to  0100)  or  daytime  (1500  to  1700)  hours.  For  nighttime  sessions, 
subjects  were  tested  in  one  of  four  conditions:  placebo  (H  *  15),  650  mg  aspirin  {N  *  ’• 

650  mg  acetaminophen  (N  -  11),  or  400  mg  ibuprofen  (H  •  12).  For  daytime  sessions,  subjects 
were  tested  in  one  of  two  conditions:  placebo  (N  *  9)  or  400  mg  ibuprofen  (N  -  8).  An 
initial  BT  measurement  was  taken  immediately  prior  to  drug  administration  as  a  baseline 
(zero  point).  Difference  scores  were  then  calculated  by  subtracting  this  initial  Bi 
measurement  from  each  subsequent  measurement.  Results.  During  the  nighttime  hours,  BT  was 
elevated  in  subjects  receiving  NSAIDs  relative  to  those  receiving  placebo.  Analysis  or 

?  3  variance  [Condi tion(4)  X  Time(9)]  revealed  a  significant 

3%,r  ,-I  interaction  (p  <  0.05).  Specific  comparisons  further 

8 indicated  that  each  of  the  NSAIDs  maintained  a 
iL.  —I  significantly  higher  BT  relative  to  placebo  (p  <  0.05). 

3  ;^ltJ  No  significant  differences  between  the  three  drugs  were 

S  :  *  \  l  obtained.  The  accompanying  figure  shows  BT  difference 

scores  as  a  function  of  clock  time  for  the  combined 
£~f  '  ^  NSAID  groups  compared  to  the  control  group.  In  contrast 

••  #ucoo  **■«.  j-««|  to  the  nighttime  hours,  no  effect  of  ibuprofen  on  BT 

r  a  ,  during  the  daytime  hours  was  noted.  CpnclMjlQfll.  The 

5  9,00  2  results,  combined  with  those  of  Bird  and  colleagues2, 

indicate  that  MEL  and  BT  are  inversely  affected  by  NSAIDs.  This  finding  is  compatible  with 
our  conclusion  that  MEL  plays  a  direct  role  in  thermoregulation1.  Whether  the  present 
finding  would  prevail  under  chronic  NSAID  use  remains  to  be  determined.  Also  unknown  is  t  e 
temporal  course  of  the  NSAID-induced  BT  enhancement.  Two  hours  after  administration,  Bi  or 
the  subjects  receiving  NSAID  and  those  receiving  placebo  were  still  significantly  different. 
If  the  enhancement  is  controlled  by  prostaglandins,  then  BTs  of  the  two  groups  should  remain 
different  as  prostaglandins  are  significantly  suppressed  for  up  to  72  hours . However,  if 
the  effect  is  mediated  directly  by  MEL,  then  the  BT  of  the  NSAID  group  should  return  to  that 
of  the  placebo  group  as  NSAID-induced  MEL  suppression  appears  to  persist  for  only  about 
120  minutes2.  Such  findings  have  several  implications:  (a)  since  NSAIDs  affect  markers  or 
the  circadian  system  (MEL  and  BT),  it  may  be  possible  to  use  NSAIDs  to  manipulate  circadian 
rhythms;  (b)  since  suppression  of  MEL  and  enhancement  of  BT  by  nighttime  bright  light 
increases  alertness  and  since  NSAIDs  similarly  affect  MEL  and  BT,  NSAIDs  may  also  increase 
nighttime  alertness;  and  (c)  the  effects  of  NSAIDs  on  MEL  and  BT  may  relate  to  their 
disrupting  effect  on  sleep1.  Since  prostaglandins  are  known  to  be  involved  in  botn  nti 
synthesis  and  in  thermoregulation,  our  results  further  suggest  that  endogenous 
prostaglandins  may  be  at  the  beginning  of  the  causal  chain  linking  MEL,  BT,  and  steep. 

1 Badi a,  P.,  Myers,  B.  and  Murphy  P.  Melatonin  and  thermoregulation.  In:  R.  Reiter  and 
H.  Yu  (Eds.),  Melatonin:  Biosynthesis ,  Physiological  Effects ,  and  Clinical  Applications. 
CRC  Press,  Boca  Raton,  FL,  in  press.  Q6 

28ird,  H.,  Othman,  H.,  Smith,  J.  and  Suddall,  K.  J.  Neural  Transm.  Supply  J 

3Murphy,  P.,  Badia,  P.,  Myers,  B.,  Boecker,  M.  and  Wright,  K.  Sleep  Research ,  199Z,  cl. 
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revmmiy  (icTDOosuxcd  that  angle  doses  of  the  nonsteroidal  uu-n^Ummaiorv  drop  aspuin  and  toupro^en  toe  mate  the  m  gimme  drop  in 
lure  (BT)  and  suoorwj  (MT)  syohesu  in  ^  The  mechanisms  for  such  effects  are  unknown,  but  nay  invotn  ®reci 

anequaiw  ofSSbnn*  praugUodia  r/airsa  Effect!  of  NSAIDi  on  MT  ivatem  been  aoeaed  for  only  6  hr  foOcwmg  drag 
n  md  not  ifta  muiopk  doss  of  NSAIDi  Ctvca  iloi  MT  ud  BT  tn  pnnaiy  mdexa  of  cuodun  lyneni  ooijib.  a  b  nnponaa  id 
e  pooibk  •masking'  effecn  of  these  commonly  used  dmgl  More  npidicialy.  be£»w  NSAIDt  preduct  pbynok>pc^dI«!  maw  » 
xj  during  exposure  10  bright  lights  it  ■  of  coouderablc  interest  to  assess  whether  NSAIDs  alter  the  circadian  l**flcn*  of  MT^od  • 

»l  designed  to  determine  whether  NSAIDs  act  m  a  maimer  similar  to  bright  bghf  m  terms  of  enhancing  out-of-phase  performance  and 
is  (see  4.3  this  volume),  wt  assessed  MT  sol  BT  levels  during  a  4*  hr  constant  routine  procedure.  The  differences  between  ihaandother 

*hich  we  have  tested  NS  AID  effects  on  MT,  BT,  real  skep  tnduded  the  mmng  and  nmber  of  NS  AID  doaes,  and  the  sofeject^  behavioai 

s.  skep  depnvaoon).  The  primary  focus  of  this  Body  was  to  assess  whether  NSAIDs  would  affect  MT  and  BT  as  previously 
acred  at  different  phases  (earlier  is  nghtume  MT  period  followed  by  a  second  dose  taer  in  nghmroe  MT  penod).  Abo.  pvtn  NhAiu 
and  MT  on  the  firs  aght,  we  warned  10  determine  if  NSAIDs  would  cooame  to  have  the  same  phynolopcal  efTeas  after  a  longer  penod 


rvauon. 

Twenty  male  sublets  (mean  age  -  22.4  y)  pnnwpnied.  For  a  mnenurn  72  hr  poor  m  the  experiment  none  were 
djcauon.  All  were  screened  for  history  of  cptiepsy,  irregular  tlcqyWake  patterns  (retynred  bedtime  2300-0 100  and  wakmime  0700-0900), 
Teine  use  and  any  coodioons  which  might  preclude  adnsmstnuon  of  NSAIDs  (e  g-,  gastrins,  gout  nasal  polyps.  *ensitrvTry  to  other 
spares  armed  *  tie  Skep  Labomory  at  2000  hr  and  slept  lor  10  hr  prior  to  beftmang  the  depnvaoon  penod  Ttonghou  the  oca  iSta 
snsure  routine  protocol  was  followed  in  winch  subjects'  physical  activity,  light  exposure,  and  food  ixtake  were  ngoromry  controlled. 
tore  experiment  pirfyctr  remained  in  dim  bgfas  (<100  lux);  saJhvary  MT  ampin  were  co fleeted  every  120  sun  and  tymparec  icmpcanae 
every  60  min.  From  2 100-0900  hr  each  night  MT  sanyhng  ate  increased  to  every  60  mm  and  tympanc  rmpc  ramie  was  aoesaed  <vp7 
ii)jeos  each  were  ntriomly  to  receive  the  fc  flowing  treatments:  NS  -  400  mg  fouprofen  m  unmarked  gelatin  capsules  a  2100  hr 

■arfr  n  pl  •  sugar  m  unmarked  gelatin  capsules  at  same  times  as  NSAID  adtnncmion  Saliva  were  unmediaicly 

nd  stored  M  -20  *C  onul  assayed  (dial,  usa,  me,  Osceola,  WT)  _ _ 

SAID  adminisuatioo  produced  rhxngn  m  BT  and  MT  levels  compared  to  the  placebo  group;  however,  the  pattern  of  changes  a  MT  aafl 
v  m  admimsuauoo  a  this  expenroea  were  differere  from  previous  experiments  with  NSAIDs.  Fig.  1  depas  BT  difference  storesoo 
4ighi  2.  calculated  as  the  change  from  baseline  at  2100  each  aght  Adimmstranon  of  the  drug  resulted  in  ngmficaaJy  hgherBT  lerea 
cebo  dunng  the  fint  half  Night  1,  specifically  m  every  tune  pom  from  2230-0330  hr.  except  0200  hr  (p  <  05).  The  trough  of  BT,  though 
ase  as  placebo,  was  lower  for  the  NS  than  the  PL  group  oo  Night  2.  Fig.  2  ihowi  the  area  under  the  cave  for  mdaioom  (using  Sunpsotfi 
nula),  on  Night  1  and  Night  2,  respectively.  Area  aidex  the  curve  for  the  NSAID  group  avenged  143  pgdnl  compared  to  239  pgdnl  for  the 
?  on  Nigit  1,  and  1 19  pg/ml  congared  to  234  pg/ml  on  Night  2.  A  2-way  ANOVA  for  repeated  measles  (Coodmoa  x  Night)  confirmed 
Terences  were  signtfkare  for  Condition  (F(!,ll)  -  4  69,  p  <  .05)  and  Condition  x  Night  (F(1,U)  -  3.79,  p  <  .05).  Average  phase  of  MT 
irmined  by  the  time  at  which  sahvary  MT  levels  reached  3  pg/mJ)  was  later  for  the  NSAID  grot*  (2400  hr  both  nights)  than  the  ptoho 
lrNigix  1;  2100  hr  Night  2\  Staustxal  analysis  revealed  a  Bgrifkara  Condition  x  Night  uacramoo  (F(I.1S)  ■  3.96,  p  <  .03)  for  euatnaa 
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MURPHY,  P.  J.,  MYERS,  B.  L.,  and  B  ADIA,  P.  Nonsteroidal  anti-inflammatory  drugs  alter 
nocturnal  body  temperature  and  suppress  melatonin  in  humans.  PHYSIOL  BEHAV  56(X): 
XXX-XXX,  1995.  Nonsteroidal  anti-inflammatory  drugs  (NSAIDs)  inhibit  prostaglandin 
synthesis  in  humans.  Prostaglandins,  in  turn,  are  involved  in  thermoregulation,  melatonin 
synthesis,  and  sleep.  To  determine  effects  of  NSAIDs  on  body  temperature  (BT)  and  melatonin 
synthesis  (MT)  in  humans,  and  to  elucidate  mechanisms  by  which  NSAIDs  may  alter  sleep 
patterns,  a  series  of  experiments  using  the  NSAIDs  aspirin  and  ibuprofen  was  conducted. 
Seventy-five  subjects  were  tested  under  several  experimental  protocols.  BT  after  NSAJD  or 
placebo  was  assessed  in  both  between-  and  within-subjects  designs  at  night  and  during  the  day. 
MT  levels  were  assessed  after  NSAJD  or  placebo  during  the  night  in  a  within-subjects  design. 
The  normal  nocturnal  BT  decrease  was  attenuated  and  MT  was  suppressed  after  NS  AID  relative 
to  after  placebo  administration  during  the  nighttime  hours.  Lower  MT  levels  were  associated 
with  a  relative  flattening  of  BT.  Daytime  BT  was  not  affected  by  NSAIDs.  These  results  are 
compatible  with  the  hypothesis  that  some  of  the  behavioral  changes  associated  with  NSAIDs, 
including  changes  in  sleep,  are  due  to  relatively  higher  BT  and  MT  suppression.  We  speculate 
that  NSAJD  effects  on  sleep  and  BT  are  related  to  prostaglandin  synthesis  inhibition  and/or 
*  suppression  of  MT. 

Nonsteroidal  anti-inflammatory  drugs  Aspirin  Ibuprofen  Humans 
Body  temperature  Thermoregulation  Melatonin  Seasonal  depression 
Prostaglandins  Sleep 
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Nonsteroidal  anti-inflammatory  drugs  (NSAIDs)  include  the  substances  aspirin  and 
ibuprofen.  These  drugs  are  thought  to  exert  most  of  their  physiological  effects  via  prostaglandin 
synthesis  inhibition  (9,29).  Prostaglandins  are  ubiquitous  intracellular  substances  which  direcdy 
affect  sleep  and  body  temperature  (10,1 1,12).  Prostaglandins  also  markedly  enhance  the 
synthesis  of  the  pineal  hormone  melatonin  during  the  nighttime  hours  (4,5,25,30).  Given  that  the 
circadian  rhythms  of  sleep,  body  temperature,  and  melatonin  are  used  as  primary  markers  of  the 
output  of  the  circadian  system,  determining  potential  effects  of  commonly  used  NSAIDs  on 
these  markers  is  important.  We  have  previously  determined  that  the  NSAIDs  aspirin  and 
ibuprofen  can  change  normal  sleep  patterns  in  healthy  humans  (14).  In  an  attempt  to  further 
elucidate  the  physiological  effects  of  commonly  used  NSAIDs  on  humans  and  investigate 
possible  mechanisms  of  NSAID  effects  on  sleep,  we  conducted  a  series  of  experiments  to 
ascertain  whether  NSAIDs  alter  body  temperature  and  melatonin  synthesis. 

Other  researchers  have  examined  NSAID  effects  on  body  temperature  in  humans,  but  results 
are  contradictory  (see  6,  for  a  review).  Most  of  these  studies  have  been  conducted  in  subjects 
who  are  febrile  or  in  pain,  in  whom  an  immune  response  has  most  likely  been  initiated  (9). 
Furthermore.  NSAID  type  and  dose  level  varied  widely.  Finally,  most  investigations  of  NSAID 
effects  on  body  temperature  have  not  evaluated  time-of-day  (circadian)  effects.  It  is  reasonable 
to  predict  differential  circadian  effects  of  NSAIDs  on  body  temperature  as  there  is  a  circadian 
rhythm  in  prostaglandin  synthesis;  prostaglandin  D2,  which  has  hypothermic  effects,  is 
produced  at  higher  levels  in  the  human  brain  during  the  nighttime  hours  (1 1, 17,23).  Whether 
NSAIDs  alter  melatonin  levels  in  humans  has  also  been  investigated  (28).  This  latter  study 
determined  that  a  400  mg  dose  of  ibuprofen  suppressed  melatonin  release  by  approximately  75% 
during  the  nighttime  hours.  However,  the  investigation  was  limited  to  a  small  number  of  subjects 
(N=4)  and  to  males  only. 
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Systematic  studies  of  NS  AID  effects  on  normal  body  temperature  and  melatonin  synthesis  in 
humans  with  time-of-day  as  a  factor  have  not  been  completed.  Thus,  the  present  experiments 
assessed  how  the  NSAIDs  aspirin  and  ibuprofen  affect  diurnal  and  nocturnal  body  temperature 
and  nocturnal  melatonin  synthesis.  We  hypothesized  that  inhibiting  prostaglandin  synthesis  by 
administration  of  aspirin  and  ibuprofen  would  attenuate  the  normal  nocturnal  decrease  in  body 
temperature  and  result  in  antagonism  of  nighttime  melatonin  synthesis.  In  addition,  given  recent 
reviews  which  illustrate  the  important  role  of  melatonin  in  thermoregulatory  processes  (2,8,26) 
and  empirical  data  suggesting  that  melatonin  may  be  a  primary  regulator  of  body  temperature 
(3,27),  we  hypothesized  that  body  temperature  and  melatonin  changes  following  NSAID 
administration  during  the  nighttime  hours  would  correspond.  Specifically,  we  predicted  that 
greater  suppression  of  nighttime  melatonin  levels  would  be  associated  with  a  smaller  decrease  in 
body  temperature  across  the  experimental  period. 

Method 

General  information 

All  subjects  were  screened  via  a  phone  interview  for  a  history  of  reactions  to  anti¬ 
inflammatory  drugs,  and  for  conditions  that  could  predispose  them  to  adverse  reactions  including 
ulcers,  asthma,  nasal  polyps,  gastritis,  and  gout.  All  subjects  were  medication-free  (including 
NSAIDs)  for  a  minimum  72-hr  period  prior  to  each  experimental  session.  In  addition,  no  caffeine 
was  permitted  for  6  hours  before  NSAID  administration.  Subjects  were  also  screened  for  regular 
sleep/wake  schedules,  napping  habits,  and  any  activities  at  or  around  time  of  participation  that 
could  alter  their  sleep  patterns.  Females  were  scheduled  to  participate  between  the  second  and 
eighth  day  following  menses  (i.e.,  early  follicular  phase)  to  control  for  differential  melatonin  and 
body  temperature  levels  across  menstrual  cycle  phases  (16,31).  Subjects  arrived  at  the 
laboratory  2  hr  prior  to  the  first  temperature  measurement.  .After  giving  informed  consent  and 
completing  questionnaires  concerning  medical  history  and  momingness/eveningness,  all  were 
required  to  remain  seated  in  a  comfortable  chair  in  a  dimly  lit  room  (<100  lux)  during  the  entire 
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experimental  period.  Activity  was  restricted  to  reading,  and  social  interaction  was  limited  to 
necessary  exchanges  with  the  experimenter.  The  initial  2  hr  served  as  a  body  temperature 
unmasking  period.  Our  laboratory  has  shown  this  amount  of  time  to  be  sufficient  for  stabilizing 
body  temperature  (15).  At  2300  hr  (nighttime  studies)  or  1500  hr  (daytime  study),  baseline 
tympanic  temperature  was  measured  and  a  standard  NS  AID  dose  (650  mg  aspirin,  400  mg 
ibuprofen;  equal  to  manufacturer's  recommended  dosage)  or  placebo  was  administered  with  water 
and  a  small  snack.  Both  NSAID  and  placebo  were  administered  in  a  double-blind  manner  in 
unmarked  gelatin  capsules.  Thereafter,  tympanic  temperature  was  assessed  every  15  min  until 
0100  hr  (nighttime  studies)  or  1700  hr  (daytime  study). 

NSATDs  and  BT  studies 

Nighttime/Between  subjects  study.  Assignment  to  drug  group  was  random.  Each  subject 
received  a  dose  of  aspirin,  ibuprofen,  or  placebo.  A  total  of  54  subjects  were  tested  in  this 
protocol  (21  placebo  [10M,10F],  13  aspirin  [6M,7F],  20  ibuprofen  [10M,10F]). 
NighttimelWithin  subjects  study.  This  experiment  used  only  ibuprofen,  given  results  from  the 
between  subjects  study  suggesting  that  ibuprofen  had  a  larger  effect  than  aspirin  (along  with  data 
showing  significant  disruption  of  sleep  after  ibuprofen  administration;  12).  A  total  of  1 1  subjects 
were  tested  in  this  protocol  (placebo/ibuprofen  [10M.1F]).  The  sessions  were  separated  by  a 
minimum  3-day  washout  period  and  a  maximum  of  7  days,  and  drug  or  placebo  was  administered 
in  a  counterbalanced  order.  Daytime/between  subjects  study.  Another  17  subjects  (9  placebo,  8 
ibuprofen;  all  M)  were  tested  during  the  daytime  hours. 

NSATDs  and  Melatonin  Study  with  Body  Temperature  Results  Replication. 

The  procedure  for  this  study  was  similar  to  that  described  for  the  nighttime  studies  described 
above.  However,  the  experimental  period  was  extended  until  0300  hr,  tympanic  temperature  was 
assessed  every  30  min,  and  saliva  samples  (approximately  1200  pi  unstimulated)  were  collected 
every  60  min  for  purposes  of  radioimmunoassay  of  salivary  melatonin  levels.  .All  subjects 
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(N=10;  3M,7F)  participated  for  two  sessions,  separated  by  a  minimum  3-day  washout  period 
and  a  maximum  of  7  days.  Each  subject  received  aspirin  or  ibuprofen  at  one  session,  and  placebo 
at  the  other  session  in  a  counterbalanced  order.  Saliva  samples  were  centrifuged  at  2500  rpm 
immediately  after  collection,  then  frozen  at  -20  C  until  assayed. 

Tympanic  temperature  was  recorded  using  the  Firsttemp  system  (Clinical  Technologies, 
Calabasas,  CA).  This  system  averages  an  error  of  ±  .056  °C;  a  minimum  of  two  consecutive 
measurements  differing  by  less  than  or  equal  to  this  error  was  required  at  each  assessment.  Saliva 
samples  were  assayed  for  melatonin  concentration  using  a  radioimmunoassay  procedure  (elias 
usa,  inc.,  Osceola,  WI). 

Statistical  analysis 

Difference  scores  were  used  to  reduce  the  influence  of  interindividual  differences  in  absolute 
body  temperature  and  melatonin  levels.  Difference  scores  were  calculated  as  the  change  from 
baseline  just  prior  to  NSAID  administration.  For  example,  the  body  temperature  difference  score 
at  2400  hr  is  the  average  difference  between  the  body  temperature  levels  at  2400  hr  and  the  2300 
hr  values. 

Statistical  tests  included  either  repeated  measures  ANOVA  or  mixed  design  ANOVA 
(SuperANOVA  v.7.0)  depending  upon  the  experimental  protocol.  Greenhouse-Geisser 
corrections  for  repeated  measures  degrees  of  freedom  were  applied  to  all  analyses  given  that  body 
temperature  was  assessed  multiple  times  in  each  experimental  period  within  the  same  subject. 
Probability  values  stated  include  the  Greenhouse-Geisser  correction. 

Results 

NSAIDs  and  BT  studies 

Nighttime/Between  subjects  design.  Body  temperature  changes  from  baseline  at  2300  hr 
for  each  NSAID  compared  to  placebo  are  shown  in  Figure  1  As  predicted,  the  decrease  in  body 
temperature  was  attenuated  for  both  NSAID  groups  relative  to  the  placebo  group.  There  were 
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large  interindividual  differences  in  body  temperature  changes,  but  the  subjects  in  the  placebo 
group  generally  showed  a  normal  decline  (  >  4 0  C)  in  body  temperature  across  the  testing  period. 
The  average  difference  in  body  temperature  at  0100  hr  between  the  placebo  group  and  NS  AID 
groups  was  0.1 1  °C.  A  two-way  ANOVA  for  repeated  measures  (Condition  x  Time  of  Night) 
revealed  main  effects  for  both  Condition  [F(2,5 1)=  3.34,  p  <05]  and  Time  of  Night 
[F(8,408)=62.48,  p  <  001],  Pairwise  comparisons  confirmed  that  aspirin  and  ibuprofen  did  not 
differ  from  each  other,  but  both  groups  differed  from  placebo  at  every  temperature  assessment 
from  2400-0100  hr.  There  was  also  an  interaction  between  Condition  and  Time  of  Night 
[F(16,408)=2.64,  p  <  05],  further  illustrating  that  body  temperature  for  the  NSAID  groups  was 
attenuated  across  the  experimental  period  relative  to  body  temperature  in  the  placebo  group. 
Within  subjects  design.  Body  temperature  changes  from  baseline  at  2300  hr  after  NSAID 
administration  compared  to  after  placebo  administration  are  shown  in  Figure  2.  The  difference 
between  NSAID  and  placebo  body  temperature  was  most  evident  when  compared  within  the 
same  individual.  The  average  difference  in  body  temperature  at  0100  hr  between  the  placebo 
group  and  NSAID  group  was  .  190°C.  A  two-way  ANOVA  for  repeated  measures  (Condition  x 
Time  of  Night)  revealed  main  effects  for  both  Condition  [F(l,12)=7.88,/?  <  05]  and  Time  of 
Night  [F(8,80>=20.16,/?  <  001;  Greenhouse-Geisser  p  <  001],  Pairwise  comparisons  revealed 
that  body  temperature  differed  significantly  between  NSAID  and  placebo  at  every  time  point 
after  drug  administration.  As  expected,  there  was  also  an  interaction  between  Condition  and 
Time  of  Night  [F(8,80)=7.12,/>  <  001],  Daytime/between  subjects  design.  Administration  of  an 
NSAID  had  no  effect  on  body  temperature  during  the  daytime  hours  as  shown  in  Figure  3.  That 
is,  when  subjects  were  tested  during  the  daytime  between  1500-1700  hr,  body  temperature  was 
not  different  for  the  placebo  versus  the  NSAID  groups.  Body  temperature  was  relatively  flat 
across  the  experimental  period  for  all  subjects,  although  some  subjects  in  both  groups  showed  a 
slight  increase  in  temperature  across  the  experimental  period,  as  would  be  expected  at  this  time  of 
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day  when  temperature  is  nearing  its  circadian  peak. 

NSAIDs  and  Melatonin  Study  with  Body  Temperature  Results  ReplicatiQ-Q 

Body  Temperature .  Figure  4  shows  body  temperature  difference  scores  as  a  function  of 
dock  time  after  NSAID  administration  compared  to  after  placebo  administration.  This  study 
replicated  previous  findings  concerning  NSAID  effects  on  body  temperature  as  described  above. 
All  subjects  exhibited  the  normal  nighttime  decrease  in  body  temperature  under  the  placebo 
condition,  although  some  subjects  showed  a  greater  decrease  in  temperature  from  2300-0300  hr. 

NSAID  treatment  attenuated  the  nighttime  decrease  in  body  temperature.  There  were  no 
differences  between  aspirin  and  ibuprofen  on  body  temperature  changes;  both  NSAIDs 
maintained  body  temperature  relative  to  placebo  to  a  similar  degree.  The  average  change  in  body 
temperature  after  NSAID  treatment  was  +  028,  -.006,  -.050,  -.118,  -.134,  -.151,  -.213,  and  -.207 
3  C  at  2330,  2400,  2430,  0100,  0130,  0200,  0230,  and  0300  hr,  respectively.  In  comparison,  the 
average  change  in  body  temperature  after  placebo  was  -.028,  -.056,  -.  129,  -.202,  -.286,  -  353,  and 
-  403  *  C  at  the  same  times.  Thus,  the  average  difference  in  body  temperature  at  0300  hr  between 

the  placebo  groups  and  NSAID  groups  was  .  196°C. 

An  initial  3 -way  ANOVA  confirmed  that  there  was  no  effect  of  NSAID  type  (aspirin  versus 
ibuprofen).  Subsequently,  a  2-way  ANOVA  for  repeated  measures  (Condition  x  Time  of  Night) 
was  performed  to  determine  (a)  whether  NSAIDs  maintained  body  temperature  at  a  higher  level 
than  placebo,  and  (b)  whether  body  temperature  levels  within  subjects  changed  across  the  night 
(i.e.,  exhibited  a  circadian  rhythm).  This  analysis  confirmed  that  body  temperature  differed 
significantly  between  the  NSAID  and  placebo  conditions  [/r(l,9)=18.87,  p  <01].  Specific 
comparisons  established  that  body  temperature  was  significantly  higher  after  NSAID  relative  to 
placebo  at  0030  hr  and  every  30  min  from  0130-0300  hr  (p  <  05).  There  was  a  main  effect  for 
Time  of  Night  as  well  [F(8,72)=  41.77,  p  <  01],  confirming  that  body  temperature  did  decline 
across  the  experimental  period  as  expected.  The  presence  of  a  significant  Condition  x  Time  of 


K-ll 


NSAIDs,  Body  Temperature,  and  Melatonin 


9 

Night  interaction  [F(8,72)  =  2.74,  p  <  05]  revealed  furthermore  that  body  temperature  did  not 
decline  to  the  same  degree  after  NSAJD  administration  as  after  placebo  administration. 

Melatonin.  Changes  in  melatonin  levels  as  a  function  of  clock  time  for  NSAIDs  compared  to 
placebo  are  also  shown  in  Figure  4  All  subjects  exhibited  the  normal  nighttime  circadian  increase 
in  melatonin  levels  during  the  nighttime  hours  under  the  placebo  condition,  although  in  some 
subjects  it  appeared  that  melatonin  levels  peaked  by  0200  hr  and  lower  levels  were  observed  at 
0300  hr.  There  were  the  normally  observed  large  interindividual  differences  in  absolute  melatonin 
levels,*  but  intraindividual  levels  of  melatonin  between  placebo  and  drug  nights  were  stable  at  the 
pretreatment  baseline  measure  (i.e.,  2300  hr). 

NSAJD  treatment  suppressed  melatonin  levels  relative  to  placebo  treatment.  As  with  body 
temperature,  there  was  no  significant  difference  in  amount  of  melatonin  suppression  between 
aspirin  and  ibuprofen;  both  NSAIDs  reduced  melatonin  levels  by  approximately  75%  at  2400  hr. 
The  average  change  in  melatonin  levels  after  NSAJD  administration  (relative  to  baseline 
measurement;  i.e.,  difference  scores)  was  -10.7,  9.3,  20.8,  and  28.6  pg/ml  at  2400,  0100,  0200, 
and  0300  hr,  respectively.  In  comparison,  the  average  change  in  melatonin  levels  after  placebo 
administration  was  25.4,  40.0,  49.8,  and  64.0  pg/ml  at  the  same  times. 

An  initial  3-way  ANOVA  confirmed  that  there  was  no  effect  of  NSAID  type  (aspirin  versus 
ibuprofen).  Subsequently,  a  2-way  ANOVA  for  repeated  measures  (Condition  x  Time  of  Night) 
was  performed  to  determine  (a)  whether  melatonin  levels  after  NSAJD  administration  differed 
significantly  from  levels  after  placebo  administration  and  (b)  whether  melatonin  levels  within  a 
subject  changed  across  the  night  (i.e.,  circadian  rhythm  effect).  This  analysis  confirmed  that 
melatonin  levels  differed  significantly  between  the  NSAJD  and  placebo  conditions  [^(1,9)  - 
18.07,/?  <  01].  Paired-comparisons  analyses  established  that  melatonin  levels  were  significantly 
lower  after  NSAJD  than  after  placebo  at  2400,  0100,  and  0200  hr  (p  <  05),  but  were  not 
different  at  2300  hr  (baseline)  or  0300  hr.  As  expected,  there  was  a  main  effect  for  Time  of 
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Night  [F(4,36)  =  5.64,  p  <  01),  with  melatonin  levels  increasing  significantly  every  hour  ip  < 

.05).  The  Condition  x  Time  interaction  was  not  significant  ip  >  05),  indicating  that  a  circadian 
rhythm  was  exhibited  under  both  the  placebo  and  NSAID  conditions,  although  the  amplitude  of 
the  rhythm  was  lower  after  NSAID  administration. 

Discussion 

The  primary  purposes  of  these  studies  were  to  determine  whether  body  temperature  and 
melatonin  levels  are  altered  by  the  administration  of  a  single  dose  of  the  NSAJDs  aspirin  and 
ibuprofen  in  humans.  The  normal  circadian  decrease  in  body  temperature  during  the  nighttime 
hours  is  attenuated  by  the  administration  of  aspirin  or  ibuprofen,  but  daytime  body  temperature 
is  not  affected  by  NSAID  administration.  In  addition,  it  was  demonstrated  that  melatonin  is 
suppressed  by  the  administration  of  these  NSAIDs  during  the  nighttime  hours,  confirming 
previous  reports  that  NSAIDs  can  suppress  melatonin  synthesis  in  animals  (22,24)  and  in 
humans  (28).  These  results  are  compatible  with  the  hypothesis  that  some  of  the  behavioral 
changes  associated  with  NSAID  administration,  including  changes  in  sleep  (14),  may  be  due  to 
melatonin  suppression  and  relatively  higher  body  temperature.  The  lack  of  effects  on  daytime 
body  temperature  are  also  compatible  with  this  hypothesis  given  that  meiatonin  levels  are  very 
low  during  the  diurnal  hours.  Further  support  for  this  argument  is  that  NSAIDs  had  no  effect  on 
daytime  naps  relative  to  a  placebo  control  condition  (13). 

Differences  in  body  temperature  between  NSAID  and  placebo  were  apparent  within  30  min 
after  NSAID  administration  (i.e.,  2330  hr);  these  differences  continue  and  increase  for  up  to  4 
hours  after  administration  (Figure  2).  NSAID  suppression  of  melatonin  synthesis  is  apparent 
within  1  hr  of  administration,  but  in  contrast  to  NSAID  effects  on  body  temperature,  the 
difference  in  melatonin  levels  between  NSAID  and  placebo  become  smaller  across  the  next  4  hr 
(Figure  2).  This  time  course  for  initial  body  temperature  changes  and  meiatonin  suppression  is  in 
accord  with  evidence  that  prostaglandin  inhibition  in  the  peripheral  nervous  system  begins  almost 
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immediately  after  administration  of  an  NS  AID  (9).  The  fact  that  there  was  not  a  one-to-one 
correspondence  between  body  temperature  and  melatonin  changes  throughout  the  experimental 
period  indicates  that  neither  prostaglandin  suppression  nor  melatonin  suppression  are  sole 
determinants  of  body  temperature  changes  after  NSAID  administration.  It  is  unknown  whether 
the  time  course  for  prostaglandin  inhibition  in  the  brain  is  similar  to  that  for  peripheral 
prostaglandin  inhibition,  or  whether  there  are  specific  locations  in  the  central  nervous  system 
which  are  differentially  affected  by  NSAIDs  (e  g.,  anterior  hypothalamus  versus  pineal  gland).  It 
may  be  that  a  combination  of  prostaglandin  and  melatonin  suppression  by  NSAID  resulted  in  the 
observed  pattern  of  body  temperature  changes  in  this  experiment.  An  alternate  hypothesis  is 
that  the  abrupt  suppression  of  melatonin  synthesis  (i.e.,  within  1  hr)  after  NSAID  administration 
in  effect  signaled  the  circadian  timing  mechanism,  presumably  at  the  level  of  the  suprachiasmatic 
nucluei,  that  it  was  "no  longer  nighttime" ,  and  body  temperature  subsequendy  resembled  a  more 
diurnal  pattern.  This  speculation  cannot  be  confirmed  by  the  present  study,  but  it  is  in  accord 
with  theories  suggesting  that  the  role  of  endogenous  melatonin  is  as  a  chemical  signal  of  time  (e  g., 
2,8,20-22).  Further  investigations  of  the  physiological  effects  of  NSAIDs  on  prostaglandin 
synthesis  in  specific  brain  areas  should  yield  an  explanation  of  the  body  temperature  changes 
observed  with  NSAID  administration  during  the  nighttime  hours. 

Assessment  of  melatonin  levels  for  a  longer  period  after  NSAID  administration  may  have 
determined  that  melatonin  levels  become  similar  for  NSAID  and  placebo  groups  prior  to 
termination  of  the  nighttime  melatonin  period  or  even  rebound  beyond  normal  levels.  NSAID 
administration  may  have  simply  delayed  the  onset  of  melatonin  rhythm,  essentially  shifting  the 
rhythm  to  a  later  clock  time.  Further  study  is  needed  to  adequately  test  these  hypotheses. 

There  were  large  interindividual  differences  in  responsivity  to  the  drug  as  manifested  by  the 
extent  of  change  in  melatonin  and  body  temperature  levels  across  subjects.  This  individual 
responsivity  was  evident  especially  in  subjects  who  received  both  NSAID  and  placebo  on 
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separate  occasions.  The  basis  for  such  individual  responsivity  is  not  understood,  but  may 
include  the  influence  of  genetic  variability  and  gender-related  factors  (19)  or  absorption  and 
excretion  rates  (18). 

The  present  study  indicates  that  NSAIDs  can  significantly  alter  both  melatonin  and  body 
temperature  during  the  nighttime  hours.  The  circadian  rhythms  of  melatonin  and  body 
temperature  are  thought  to  be  primary  markers  of  the  output  of  the  circadian  system.  Research 
in  circadian  rhythms  has  shown  that  by  attenuating  the  amplitude  of  melatonin  and  body 
temperature  (for  example,  with  exposure  to  bright  light),  phase  shifting  and  re-entrainment  of 
circadian  rhythms  can  be  achieved  relatively  easily  (7)  as  well  as  acute  enhancement  of  nighttime 
performance  and  alertness  levels  (1)  In  relation  to  the  present  study,  the  implication  is  that 
judicious  administration  of  NSAIDs  might  be  used  to  facilitate  phase  shifts  of  human  circadian 
rhythms  by  a  means  which  is  more  convenient  than  bright  light  exposure.  Beneficial  effects  of 
such  phase  shifting  and  re-entrainment  of  circadian  rhythms  could  include  alleviation  of 
symptoms  of  jet  lag,  seasonal  depression,  and  other  circadian  rhythm  disorders. 
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FIG.  1.  Body  temperature  change  scores  (+  SEM),  calculated  as  difference  trom  baseline 

measurement  at  2300  hr  for  placebo  (o — o),  aspirin  (A - A  ),  and  ibuproten  (o — -o).  *  denotes 

different  from  placebo,  p  <.05.  A  total  of  54  subjects  were  tested  on  one  occasion  trom  2300-0100 
hr.  Each  subject  received  650  mg  aspirin,  400  mg  ibuprofen,  or  placebo. 
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FIG.  2.  Body  temperature  change  scores  (+SEM),  calculated  as  difference  trom  baseline 

measurement  at  2300  hr,  for  placebo  (o — o)  and  the  NSAID  ibuprofen  (o - o).  *  denotes 

different  from  placebo,  p  <.05.  A  total  of  1 1  subjects  were  tested  on  two  occasions  from  ziUO- 
0100  hr.  Each  subject  received  400  mg  ibuprofen  at  one  session,  and  placebo  at  the  other,  in  a 
counterbalanced  order. 


K-20 


FIG.  3.  Body  temperature  change  scores  (±SEM),  calculated  as  difference  from  baseline  at  1500 

hr  for  placebo  (o — o)  and  ibuprofen  (o - o).  A  total  of  17  subjects  were  tested  on  one  occasion 

from  1500-1700  hr.  Each  subject  received  400  mg  ibuprofen  or  placebo. 
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FIG.  4.  Body  temperature  and  melatonin  change  scores  (±SEM),  calculated  as  difference  from 

baseline  at  2300  hr  for  placebo  (o — o)  and  ibuprofen  (o - o).  +  denotes  body  temperature 

different  from  placebo,  p  <.05.  *  denotes  melatonin  different  trom  placebo,  p  <.05.  A  total  oflO 
subjects  were  tested  on  two  occasions  from  2300-0300  hr.  Each  subject  received  650  mg  or  400 
mg  ibuprofen  at  one  session,  and  placebo  at  the  other,  in  a  counterbalanced  order. 
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NONSTEROIDAL  ANTI-INFLAMMATORY  DRUGS  AND  MELATONIN  LEYELS  IN  HUMANS 

P.  Murphy,  B.  Myers,  K.  Wright,  M.  Boecker,  and  P.  BadU 
Bowling  Green  Stite  University 

Previously  we  reported  that  nonsteroidal  anti-inflammatory  drugs  (NSAIDs),  Including  aspirin  and 
ibuprofen,  attenuate  the  nighttime  decrease  In  body  temperature  ( BT) 1  •  and  disrupt  sleep  in 
humans3,4.  We  hypothesized  that  suppression  of  melatonin  (MT)  synthesis  was  the  mechanism  by 
which  NSAIDs  affect  BT  and  sleep.  Other  researchers  have  demonstrated  MT  suppression  by  NSAIDs, 
but  these  studies  tested  only  indomethacin  or  ibuprofen5.  The  present  study  assessed  the  effects 
of  the  commonly  used  NSAIDs  aspirin  and  ibuprofen  on  nighttime  MT  synthesis  in  humans. 
Suppression  of  nighttime  MT  synthesis  by  NSAIDs  may  be  mediated  by  inhibition  of  prostaglandin 
(PG)  production.  PGs  influence  MT  synthesis  by  increasing  the  sensitivity  of  ^-adrenergic 
receptors  in  the  pineal  gland  to  norepinephrine6.  Thus,  we  hypothesized  that  inhibiting  the 
production  of  PGs  by  administration  of  NSAIDs  would  reduce  nighttime  MT  synthesis  and  attenuate 
the  nighttime  decrease  in  BT.  Method.  Subjects  (N  -  10;  6F,  4M;  20.2  yr)  participated  two  nights 
separated  by  one  week.  The  possible  masking  effects  of  various  factors  on  BT  were  removed  by 
having  subjects  remain  seated  with  restricted  activity  for  2  hr  prior  to  the  beginning  of  and 
throughout  the  experiment  (2100-0300  hr).  At  2300  hr,  650  mg  aspirin,  400  mg  ibuprofen,  or  a 
placebo  was  administered  in  a  double-blind  manner.  Tympanic  temperature  was  recorded  every  30 
min  and  1000  /xl  of  saliva  was  collected  every  60  min  from  2300-0300  hr.  Saliva  samples  were 
assayed  for  MT  content  using  an  RIA  procedure  (elias  usa,  Inc.,  Osceola,  WI).  Results.  MT  levels 
were  significantly  reduced  compared  to  placebo  when  subjects  received  either  NSAID.  The  average 
change  in  MT  after  NSAID  (relative  to  baseline  measurement)  was  -10.7,  -9.3,  20.8,  and  28.6 
pg/ml  at  2400,  0100,  0200,  and  0300  hr,  respectively,  compared  with  average  changes  in  MT  after 
placebo  of  25.4,  40.0.  49.8,  and  64.0  pg/ml  at  the  same  times.  Figure  1  shows  changes  in  MT 
levels  as  a  function  of  clock  time  for  NSAIDs  compared  to  placeDo.  An  AN0VA  (Condition  x  Time) 
revealed  that  MT  levels  differed  sioni f icantly  between  the  NSAID  and  placebo  conditions 
[£( 1 .9)=18.07,  jk.QI] .  Specific  comparisons  established  that  MT  levels  were  significantly  lower 
after  NSAID  than  after  placebo  at  2400,  0100,  and  0200  hr  (£<.05).  The  Condition  x  Time 
interaction  was  not  significant.  In  addition,  BT  was  higher  relative  tp  placebo  when  subjects 
received  either  NSAID.  The  average  change  in  BT  after  NSAID  (relative  to  baseline  measurement) 
was  .05,  -.01,  -.09,  -.21,  -.24.  -.27,  -.38,  and  -.37  #F  at  2300,  2400,  2430,  0100,  0130,  0200, 
0230,  and  0300  hr,  respectively.  In  comparison,  the  average  change  in  BT  after  placebo  was  -.05, 
-.10,  -.23,  -.36,  -.51,  -.58,  -.63,  and  -.72  *F  at  the  same  times.  Figure  2  shows  changes  in  BT 
as  a  function  of  clock  time  for  NSAIDs  compared  to  placebo.  An  AN0VA  (Condition  x  Time)  revealed 
that  BT  differed  significantly  between  NSAID  and  placebo  conditions  (£( 1 , 9)*18.87,  £<.01]. 
Specific  comparisons  established  that  BT  was  significantly  higher  after  NSAID  than  after  placebo 
at  0030  hr,  and  every  30  min  from  0130-0300  hr  (£<.05). 

100r  FIGURE  1  0.2-  FIGURE  2 
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Conclusions.  The  NSAIDs  aspirin  and  ibuprofen  suppress  nighttime  MT  synthesis  and  attenuate  the 
nighttime  decrease  in  BT  in  humans.  The  changes  in  MT  and  BT  did  not  show  a  one-to-one 
relationship.  The  lack  of  a  strong  relationship  between  MT  suppression  and  changes  in  BT  may  be 
due  to  (a)  other  factors  playing  a  role  in  the  nighttime  decrease  in  BT  or  (b)  assay 
insensitivity  to  the  levels  of  MT  involved.  It  is  likely,  however,  that  the  changes  in  BT  after 
NSAID  administration  are  partially  mediated  by  alterations  in  MT  synthesis  given  that  both^ g 
correlational  and  empirical  evidence  support  the  role  of  MT  as  a  thermoregulatory  agent  • 

The  present  data  are  compatible  with  our  previous  findings  showing  that  low  doses  of  NSAIDs  have 
immediate  effects  on  BT  and  on  sleep  during  the  nighttime  hours*'3.  In  addition,  these  data  are 
compatible  with  our  hypothesis  that  MT  is  involved  in  thermoregulation.  The  hormone  has 
hypothermic  effects,  and  thus  by  suppressing  MT  synthesis,  the  nighttime  decrease  in  BT  is 
attenuated1*2-7,3,9.  The  mechanisms  by  which  NSAIDs  suppress  MT  may  be  related  to  the  fact  that 
NSAIDs  inhibit  PG  production,  and  PGs  can  increase  MT  synthesis3. 

lBadia.  Myers.  B.  and  Murphy.  P.  Sleep  Research.  1992.  21:365.  2Badia,  P..  Myers.  B..  and  Murphy  P.  In:  R. ^Reiter  and  H.  Yu 
(Eds.),  Melatonin:  Biosynthesis.  Physiological  Effects,  and  Clinical  Applications.  1992.  Boca  Raton,  FI:  CRC.  *jrptiy,  P^.  Badia. 

P.,  Myers,  B.,  Boecker,  M.t  ana  Wright,  fc.  Sleep  Research.  1992.  21.:65.  Hayaishi.  0.  FASEB  Journal,  1991.  5:2S75-2581.  Surrall.  t.. 
Smith,  J.,  Bird.  H..  Oka  la,  B.,  Othman,  H.,  and  Padvick,  0.  Journal  of  Pharmacy  and  Pharmaco logy,  1987.  39:840-843.  Cardinal!,  0.. 
Ritta.  M..  Pereyra.  E..  and  Solveyra,  C.  Endocrinology.  1982.  Ill:  530-  534.  ^qnacci.  A..  Elliott.  J.  and  Yen.  S.  Jogmal  of 
Clinical  Endocrinology  and  ItetatoUg  J_flfl2,  75(2)  :447-452 .  ^yers,  B.  and  Badia.  P.  Sleep  Research.  1991.  20:486.  Badia. 

Myers,  8..  Boecker,  M.,  Culpepper.  J.  &  Harsh,  J.  Physiology  and  Behavior.  1991.  50(3) : 5&3- 588. 
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immediate  effects  of  photic  stimulation  on  melatonin 

AND  TEMPERATURE  ACROSS  CONSECUTIVE  NIGHTS 

B.  Myers,  P.  Badia,  P.  Murphy,  S.  Plenzler,  M.  Hakel 
Bowling  Green  Stale  University 

Exposure  to  photic  stimulation  during  the  nighttime  has  immediate  and  delayed  effects  on  mela tonin 

temperature^  .  Immediate  effects  cicur  during  exposure  to  bnght  ( >  500  lux)  light  w“edelayed  effecu 

occun after  exposure  to  bnght  light.  During  24-hr  penods  of  sleep  depn^on,  nocrurnal ^ 

stimulation  enhances  temperature  and  improves  alertness/performance  ^These  effects  may  nnnhnmansl- 

suppression  of  melatonin  .Light-induced  melatonin  suppression  is  attainable  for  several 

however,  it  is  not  known  whether  such  an  effect  is  attainable  in  humans.  Gwen  the  nonhuman  i  g~  give 

the  similarity  in  the  circadian  system  across  species',  it  was  hypothesized  that  exposure  to bright  .light  during  _ 

the  nighttime  would  decrease  melatonin  and  increase  temperature  relative  to  exposure  to  dim  gh  „ 

effect  would  occur  on  consecutive  nights.  Methods.  Twenty  male  college  students  (average  8 

deprived  of  sleep  for  48  hr  starting  at  1030  hr.  Throughout  this  48  hr.  a  constant-rouune  proceduK swast wg. 

that  is,  physical  activity,  light  intensity,  and  food/beverage  intake  were  controlled.  Physical  *  ..timed  to 

by  having  subjects  remain  seated  upright  throughout  tlK  testing  session.  Participants  were  raridomW  assigned 

one  of  two  Conditions:  exposure  to  either  bright  ( >  2500  lux; ^BLNl/BLNi  N  -  10)  °r 1  ^  “J?  k-v, 

DLN1/DLN2;  N  -  10)  light  from  2100-0900  hr  on  Nights  1  and  Z  Sub.ecu .othewse 

Food/beverage  intake  was  allowed  event  3  hr.  Salivary  melatonin  (RlA;  Elm,  °*c^ 

60  min  and  wnpanic  temperature  (IMS,  Carlsbad,  CA)  was  assessed  every  30  min.  Melatonin  data  were  lost  for 
one  BLN1/BLN2  subject.  Results.  Figures  1-4  depict  the  average  change  m  meiatomn  or  temperature  as  a 
h^mon  of  Condition/Tinie,  and  Night.  Differed  score*  were  calculated  with  the  first  measurement  of  each 


night  serving  as  the  zero  point.  Nocturnal  exposure  to  bright  light  suppressed  melatonin  ^ 

temperature  relative  to  exposure  to  dim  light  on  each  Night  These  observations  were  suppo  . 
analyses  (ANOVA  for  repeated  measures  with  Greenhouse -Geisser 

(Condition  x  Time)  indicated  an  effect  of  Condition  on  each  Night  (2100-09(»  hr).^  N#tl^e  average 
melatonin  changes  and  standard  errors  were  3.19(0.72)  pg/mi  under  bright  and  ^^^^^“^chTand 
light  (p  <  .05)  while  the  average  temperature  changes  and  standard  errors  were  -0.19(0.05)*C  ^'f^ght  wid 
-<U7(0.06)“C  under  dim  light  (p  <  .05).  On  Night  2,  the  average  meiatomn  changes  and sta"^ 

3-22(1-56)  pg/ml  under  bright  and  1852  (2-32]pg/ml  under  dim  b8^t(h<jM)  while  the  avJ!”8e 
changes  and  standard  errors  were  -0.17(0.05)*Cunder  bright  and  -03j(0.07)*C  _  Cp  '  Hifferent 

Condition  x  Time  interactions  were  also  noted  and  indicate  bright  and  dim  light  ^d^erenteffecuat  different 
clock  times.  In  fact,  post-hoc  analyses  (2-way  ANOVA  Condition  x  Time)  reveal^  differences  at  several  times 
(Figures  1-4).  Three-way  ANOVA  (Night  x  Condition  x  Time)  indicated 1  similar  effects  on  each  Night.  It  u 
unlikely  differential  physical  activity  in  the  bright  and  dim  light  groups  affected  the  results  *“JF?  /,  f^melatonin 
indicated  no  such  differences  in  a  similar  experiment3 .  Conclusions.  Effects  of  photic  stimulau  (  *8? 

suppression)  are  evident  in  most  species  tested  .  That  similar  results  were  obtained  ^ 

demonstrates  another  similarity  in  the  circadian  system  of  humans  and  nonhumans.  Nocturn  C?J^_iofnnin 
bright  light  improves  alertness  and  performance2.  Since  these  effects  may  be  mediated,  in 
suppressiomand  since  the  present  results  showed  suppression  occurred  on  consecuove  H1113 

may  be  useful  for  alleviating  some  consequences  associated  with  extended  periods  of  sleep  tepnva 
Vpponed  by  The  Arm  Research  Institute  (MDA  903-93-K4002)  and  The  Ohx>  Board  of  Profr“L 

2Bjdia  ex  li  Bright  tight  effects  on  body  temperature,  lknnas,  EEG  and  behavior.  Phynoi  BeAav,  1991, 50(5).  5»o»a. 

^Myen  et  ai  Bright  light  affects  body  temperature  and  mdatomn  levels  dunn  j  48  boon  of  sleep  deprivation.  Sleep  ***■  **  ’ 

*Myen  et  ai  Orcadian  effects  of  photic  stimulation  an  the  meiatomn  and  temperature  rhythm  in  humans,  steep  * 

^ Badia  et  aL  In;  H.  Yu  A  R.  Reiter  (Eds.),  Meiatomn:  Buxymhexx  Pfiynoiopcai  Effects.  ORC  Press,  Boca  Raton, 

^Ber|er  A  Phillips.  Absence  of  compensatory  increase*  tn  tteep  and  EEG  slow  wive  activity  in  pigeons.  Sleep 
7Wunman  et  *L  The  Pined  Acadenuc  Press,  New  York.  1968. 

^Mider  et  ai  Catastrophes,  sleep,  and  public  policy:  Consensus  report  Sleep,  1988,  /J(l):  100-109. 
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BRIGHT  LIGHT  AFFECTS  BODY  TEMPERATURE  AND  MELATONIN  LEVELS 
DURING  41  HOURS  OF  SI  J33P  DEPRIVATION 

B.  Myers,  P.  Badia,  P.  Murphy,  K.  Wright,  Jr,  and  M.  Hakel 
Bowing  Green  State  Unxvazuy 

p-rt,.  we  showed  that  phone  stimulation  ( 2  5,000  ha)  tad  immediate  effects  during  to  wghrameboun  on 
S^ta^Kra^EEG?snd  performance  during  24  hr  of  sleep  depnvaoon*.  Because  these  effeas 
S^o^totoS.^  wbe^melatonra  » lyntoszed  and  refeued  and  wnh  hgh<  mtenn^^known 
ur^preumelat^n,  we  assumed  that  melatonin  was  also  suppressed.  rfteax 

Ubomory  and  to  work  of  others  suggests  that  melatonin  metotes  tbep^wolopcn1 
otSotkstimuiatio?.  In  to  present  mvesngaoon.  we  tesu^_ whether  bright  light  ( 

to «"^ee  temperature  and  suppress  melatonin  during  48  hr  of  sleep ^ofr 

Xinistered  in  ahernatmg  and  counterbalanced  3  hr  Mocks.  Food  and  beverages  were  allowed  on»ye}*Tr f 

Eg 

Osceola,  WI)which  was  sampled  every  60  min.  To  determine  if  tore  were  any  differences 

■mriw  the  two  light  intensities,  to  peniapants  wore  an  aeugraph  (Ambulatory  Monitoring,  , 

their  wrist  fends.  Nocturnal  exposure  to  bnght  light  significantly  enhanced 

significantly  suppressed  melatonin  relative  to  dim  light.  This  effect  occurred  jp  • 

wehare  reported  to  effects  of  bnght  light  during 24  hr  of  steep  depnvaoon2;  *i£^%100. 

second  24  hrwiU  be  described.  The  mean  nocturnal  temperature  level  for  to  sMood  tughtofdepre«o«(2100. 
0900  hr)  was  9&8  *F  under  bnght  light  and  98.6  *F  under  dim  hght  (p  <  -OS)-  IPg>n  nocturnal  melatonm 
level  was  12J2  pg/rnl  under  bnght  fight  and  28-35  pgiml  under  dimTight  (p  <  .05).  The  accompanying  figure* 
depict  to  average  change  m  temperature  (F gure  l)ar  melatomn  (Figure  2)  aa  a  funa“® 
hSwithin  btadtfor  to  entire  second  night  (2100-6900  hr).  Difference  scores  were  calculated  wnh  to  first 


tune  within  block  for  to  entire  second  night 


usnunwTT 


5-**  v 


measurement  of  each  3  hr  block  sctvtm  is  the  oro  point.  This  initUi 

each  subsequent  measurement  withinto  block.  The  figures  illustrate  an  advantage  of  measuring  ^ 
Sng^Kare  evident  in  to  temperature  data5.  tn  addition*  finding 

increased  across  to  deprivation  period.  Average  dim  light  melatonin  levels  were  .  qj\ 

portion  of  to  first  24  hr^CBOWKW)  hr)  and  43  J1  pghffdunng  theUter  Shf imens’S 

The  actigraphic  data  indicated  that  there  were  no  difference*  in  physical  activity  inide  £7.  -r-^t  - 

WkwSS* Temperature  and  melatonm  level,  were  inversely  related  dunng 
exposure  to  bnghtiight  was  associated  with  an  increase  m  temperature  and  • 

meto  light)  whereas  exposure  to  dim  light  was  associated  with  a  decrease  m  , 

melatonm  (relative  to  bright  light).  These  results  are  eonsstent  with  our  ol_,  ^ 

shorter  period  of  sleep  deprivation  and  it  provides  additional  suppm  forjto  ^  iSSse  in 

important  rote  in  tormoregulatioiiMt  is  interesting  to  speculate  about  thcSadmt  induced 

ZfighV  melatonin  levels  .koss  to  depnvatkra  penod.  frus  result  5E  «Tto 

by  the  photic  stimuiition;  but,  this  possibility  icems  fni)  ^  ^ 

Hhen  a  aL  1991  Rote  of  BetonseiB  la  taeaMrejaiaUoa  tad  sleep.  Skip  Kf****- " •  * 
iy-n  a  RmAir  1991  FaQOff  iflec lint  tadof taom  mtetorntm  Jevefc.  Sktp  Rac^A, 

5  A/«nro,|  et  aL  1993.  Overnight  aassaa  piaau  *«4SB»la.  protocua  sad  consol  SL™RA*Tsiln  162  369 
££££2  Z sL  IStt^eSea  <K  to*  deep  deonvsuo.  o.  ■«*•«««  “<>  ",,V 162-*9 


i®.  We  art  testing  Pus  bypotoss. 

rrr? 

.  rtyooiocr  md  Behavior.  3001 J43-58S. 
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CIRCADIAN  EFFECTS  OF  PHOTIC  STIMULATION  ON  THE 
MELATONIN  AND  TEMPERATURE  RHYTHMS  IN  HUMANS 

B.  Mverj,  P.  Badia,  P.  Murphy,  K.  Wright,  Jr.  R.  Hughet,  M  Hakcl 
Bowling  Green  State  University 

During  nighttime  exposure  to  bright  ( >  500  lux)  light,  melatonin  is  suppressed,  icmpcreturztt 
alertness/performance  is  unproved  The  relationship  between  such  immediate  effects 
exposure4-  and  the  delayed  effects  occurring  subsequent  to  light  exposure  of  phouc  *amu  4 

Immediate  effects  of  nocturnal  exposure  to  bright  light  may  produce  unwanted  delayed  effects  *u  8 

in  amplitude.  The  magnitude  and  direction  of  these  changes  are  unclear,  however.  Some  data  suggest  tha^ 
exposure  to  bright  light  during  the  nighttime  produces  a  subsequent  decrease  in  temperature  amplitude-' 
However,  other  data  suggest  that  light-induced  suppression  of  melatonin  during  the  nighttime  produces  a 
subsequent  and  compensatory  increase  in  its  production  and  therefore  an  increase  in  meiatomn^np  c  . 
These  conflicting  findings  may  have  resulted  from  the  use  of  different  circadian  markers  f  . 

melatonin).  Therefore,  this  study  tested  the  effects  of  nocturnal  exposure  to  bright  light  on  the  amplitude  of  the 
melatonin  and  temperature  rhythms.  Methods .  Thirty  male  college  students  (average  age  *■  ^oyean)  we 
deprived  of  sleep  for  48  hr  starting  at  1030  hr.  Throughout  the  48  hr,  a  constant-routine  P^ccdure  ^  a  .. 

implemented;  that  is,  physical  activity,  light  intensity,  and  food/beverage  intake  were  eontroUed.  Phys>ial  activny 
was  minirnirwrf  by  having  subjects  remain  seated  upright  throughout  the  testing  session.  Participants^ ^ _____ . 
randomly  assigned  to  one  of  three  Conditions:  (a)  bright  ( >  £500  lux)  Ught  on  Nights  1  »«cl.2  “0cci  2100-0^0 
(BLN  1/BLN2;  jV  =  10);  (b)  bnght  light  on  Night  1  from  2100-0900  hr  and  dun  (<1001ux)  light  on  Night  2  from 
2100-0900  hr  (BLN1/DlSi2;  N  -  10);  or  (c)  dun  light  on  Nights  1  and  2  from  2100-0900  hr  (DlNVDUf2, 

N  «  10).  Subjects  otherwise  remained  under  dim  bght  Food/beverage  intake  was  allowed  ****]  *“*• 
melatonin  (RIA;  Elias,  Osceola,  WI)  was  assessed  every  60  min  and  tympanic  temperature  (IMM^ls^a  UA) 
every  30  min.  Meiatonin  data  were  kwt  for  one  BLN1/BLN2  and  one  BLNl/DLNi  subject  Results.  piffere 
scores  were  calculated  with  the  first  measurement  of  each  night  serving  as  the  zero  point  jo  ongnt 

light  decreased  melatonin  and  increased  temperature  relative  to  exposure  to  dim  light  on  each  Nignt  xNi^ni 
data  were  similar  to  those  reported^  therefore,  only  the  Night  2  data  are  presented  Figures  1  and  2  depict  th< 
average  change  in  melatonin  or  temperature  as  a  function  of  Condition  and  Time.  Exposure  to  bnght  light  o 
Night  1  reduced  amplitude  dunng  exposure  to  dim  bght  on  Night  2  relative  to  exposure  to  dim  bght  on  both 
coNomow  -4  cowmoK  O 
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nights.  This  effect  is  evident  for  melatonin  and  temperature.  In  general,  statistical  analyses  (ANOVA  for 
repeated  measures  with  Greenhouse-Geisser  df  corrections)  supported  these  observations.  Iwo-way  An 
(Condition  x  Time)  indicated  melatonin  and  temperature  differences  among 

the  average  melatonin  changes  and  their  standard  errors  were  3.22(1.56),  l£79(2-59),  and  18.52(2-52)  pg/mJ 
the  BLN  1/BLN 2,  BLN 1/D  LN 2,  and  DLN1/DLN2  groups,  respectively  (p  <J5)  while  the  average  temperature 
changes  and  their  standard  errors  were  -0.17(0.05),  -0.17(0.07),  and  -0.35(0.07)  *C  m  the  BLN1/BLN2, 
BLN1/DLN2,  and  DLN1/DLN2  groups,  respectively  (p  <  .05).  Post-hoc  analyses  of  the  meUtonm  data  revealed 
the  BLN  1/BLN 2  and  DLN1/DLN2  groups  were  different  but  the  BLN1/DLN2  and  DL-N Lfl>LN2 
noL  Comparable  analyses  of  the  temperature  data  revealed  effects  similar  to  those  of  Night  1 Jjut  In  the ? » 
of  bright  light;  that  is,  the  BLN1/BLN2  and  BLN1/DLN2  groups  were  different  from  the  DLXUDLN2  group 
but  not  from  each  other.  Conclusions.  Statistical  analyses  indicated  nocturnal  exposure  to  bnght  bght  on  Nignt  l 
did  not  suppress  melatonin  ampbtude  during  exposure  to  dim  bght  on  Night  2;  however,  visual  analysis  sugges 
suppression.  Perhaps  statisticafpower  was  not  sufficient  and/or  variability  too  large  to  detect  suppression. 
Qeariy,  there  was  no  evidence  of  a  meiatonin  rebound.  Nocturnal  exposure  to  bnght  bght  did  suppress 


latter  finding  and  given  that  ampbtude  t 
returning  to  its  normal  level  more  rapid 
finding^.  In  sum,  ampbtude  is  attenuate! 


tude  typically  recovers  wunin  z*-nr  ,  n  n 

rapidJy  than  temperature  ampbtude.  This  notion  is  supported  by 
nuated  fobowing  all-night  exposure  to  bright  bght  and  such  an  e0< 


a  similar 
ect  should  be 


3  Jewett  et  at  Light -induced  suppression  of  endogenous  ormriun  amplitude  in  humans.  Nature,  1991 ,350: 59-62-^ 

Scronauer  A  Czeuler.  In:  L  Wetterterg  (Ed.),  Light  and  Bioiopail  Rhythms  in  Man.  Pergamoo  Press,  Looto*.  W3: 2 1 ^ 
^Wever.  Ught  effects  on  human  arcadian  rhythms:  A  rewcw  of  recent  Andeda  experiments.  J.  Bud  Rhythms,  ,  (  )- 
^Beck-Friis  et  aL  Rebound  increase  of  nocturnal  meiatonin  levels.  Ann  N.  Y.  Acad  Sd ,  19S5, 453:  371-3  •  w 

7 Badia  et  aL  In:  R  Yu  &  R.  Reiter  (Eds.),  Melatontn:  Buayruhais,  Phynolopcai  Effects.  CRC  Press,  Boca  Ra  n. 
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Reliability  of  Salivary  Melaiomn 

S.  C.  Plenzier*.  P  J .  Murphy*,  B  L.  Myers*.  K_  P.  WnghU  Jr*.  P_  B«lia  .  G.  Keilerman 
•Bowling  Green  Stale  University,  -rblias  UbA 

Melatonin  —  ■  ««  »'  “ 

ei»  .  pnw  mote  „f me  ornate,  tyteMeUite  «-  «  teteility  °< 

salivas  ease  of  collection  it  may  be  the  preferred  method.  Given ’ th!*i  ’  indicates  that  the  nightly  MT 

salivary  MT  within  individuals  across  multiple  nights  be  “sessed.  Previ  approximately  30%  of 

saliva  is  highly  etete  «Ms  MT  levele  i.  blooded  te 

bteMT  leveisu.  P1.W  te  ^  qjjSSKi.  Z  MT 

pn,a..ao*=»te>,.<.«te  bhUudl 

on  j  evenings,  with  each  successive  testing  session  separated  by  at  least  Iwek  b  f  ^  te  ^ 

Subjects  adhered  to  the  following  resmeuons  prior  to  parucipauon.  no  ca  at  1 930  hr  at 

alcohol  for  24  hrs;  no  caffeine  for  6  to;  «d  no  food  for  2  ta.  ' ^!SSK«.  -d 

which  time  they  completed  consent  and  medical  history  forms.  Tbe?  ^  2  mi  saliva 

movement  was  restricted.  Light  levels  were  <  .00  lux  at  all  time,  From 0^0200  I a[  ,2<rc 
samples  were  collected  into  polystyrene  tubes.  Samples  were  then  g  (Osceola.  WI) 

until  assaved.  Saliva  samples  were  packed  tn  dry  ice  and  shipped  overnight  air  art  m  Eius  O 

«?g  (p<.00n,  N l  vsN3:  .  ■  97  & .00, ).  N2  vs  N3:  .9.(1*0011  BIUM*- 

-tele eemea  urn.  in  to  teen,  ter  « 0.  bypoteie 
«“»>"  ~iw  *«»l«  »  -«»  Ml  eyte  »  relatively  tele  *™>  *»• 

Some  have  argued  that  the  circadian  system  is  more 
variable  than  previously  thought  .  While  the  present 
study  did  not  employ  a  strict  constant  routine,  under 
controlled  conditions  MT  onset  and  subsequent  MT 
levels  for  individual  subjects  remained  reliably  consistent 

across  repeated  sessions.  These  results  suggest  that  saliva 

samples  may  be  adequate  for  both  amplitude  and  phase 
determination.  The  present  results  support  MT  as  a 
reliable  biological  marker  regardless  of  the  procedure 
used  to  detect  it,  i.e.,  blood,  urine  or  saliva. 

1  McIntyre  a  ai.  (19*7).  Melaeonm  rhythm  m  humnn  plasma  and 

uiivx  J  R*S-.  4.  177-113.  _  ^IYmrv 

1  Nowak  a  a).  (1917).  The  correlation  between  «nun  etui  “* 
melaiomn  concenoauow  end  urewry 

exaction  rates:  two  oon-rnvasive  techniques  for  monnonn|  bumm 
Orcadian  mythmiciry.  Clm  Lr&xrmoi .  V. 

>  Cocoa  a  al.  ( I9t9)  Consecutive  meletoom  circadian  mythnu  m 
normal  volunteers  South  African  Mtd  J .  71.  163-165. 

*  Otof  et  al.  (1915)  Invasupnocs  of  melatneai  ' 

Prog  Ham^d******  4  B,ot  fryctuory^  «0*<l  1 
’  Ante  ct  al.  (1915).  Repro*icib.lity  of  rtw  ovem mel^^ 
iccrrtK*  pattern  m  healthy  mo.  In.  The 

Ajfmas  A+  BioKtcnca.  VcL  Si  Perpmon  Press:  Oxford.  .77 

•Miles a  al.  (19*7)  Salivary  melatonm essay  m  \cbotooy 
medicme-loniitudmal  profiles  of  secretion  m  healthy  mo.  Clin. 

Own.  a.  1957-1959.  ,  , 

’  Dawaoo  et  il.  (1992).  The  vmebtliry  m  ctreadian  phase  end 
amplitude  cornua  derived  from  .equoual  constant  routines. 
Cbvnobioi.  InL,  9,  362-370. 
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Figure  1-  Individual  subject  salivary  MT  profiles. 
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EFFECTS  OF  CAFFEINE,  BRIGHT  LIGHT.  AND  THEIR  COMBINATION  ON  NIGHTTIME 
MELATONIN  AND  TEMPERATURE  DURING  TWO  NIGHTS  OF  SLEEP  DEPRIVATION 


Kenneth  P.  Wright  Jr.,  Pietro  Badie,  Bryan  L.  Myera.  Steven  Plenxier  St  Milton  Hake  I 
Bowling  Green  State  University 

While  noradrenergic  receptor  stimulation  is  apparently  the  major  control  of  melatonin  biosynthesis  in  the  pineal, 
other  molecules  have  also  been  shown  to  effect  pineal  activity.  Included  in  the  list  is  the  neuromodulalor  adenosine. 
Adenosine  and  adenosine  analogs  increase  melatonin  synthesis  in  the  pineal  for  both  in  vivo  and  in  vitro  preparations  in 
the  rat1.  In  general,  adenosine  injections  increase  melatonin  synthesis  two  to  three  fold  compared  to  saline  controls. 
Adenosine  is  thought  to  exert  its  actions  on  melatonin  through  adenosine  A*  receptors  on  pmealocytes  which  may 
mimic  or  effect  the  action  of  alpha  adrenergic  receptors  on  the  pineal  .  A  circadian  rhythm  in  pineal  adenosine  exists 
with  peak  levels  occurring  at  a  similar  time  to  when  melatonin  levels  increase  .  Several  substances  can  antagonize  the 
effects  of  adenosine,  one  of  which  is  caffeine.  Studies  suggest  that  the  stimulatory  effects  of  caffeine  are  due  to  the 
blockade  of  adenosine  receptors4.  Therefore,  since  caffeine  antagonizes  the  effects  of  adenosine,  and  adenosine  is 
involved  in  melatonin  synthesis,  caffeine  may  have  an  effect  on  nighttime  melatonin  production.  The  present  study 
the  latter.  We  also  assessed  whether  exposure  to  bright  light  over  a  48  hour  sleep  deprivation  penod  affected 
and  temperature  and  whether  the  combination  of  bright  light  and  caffeine  had  a  greater  effect  than  either 
alone.  Twenry-five  male  college  students  (Mean  age  19.32  yr)  were  tested.  Participants  arrived  at  the  lab  at 

2000  hr  and  slept  from  0030  to  1 030  hr  prior  to  beginning  a  48-h  penod  of  sleep  deprivation.  Throughout  this  period,  a 
modified  constant  routine  procedure  was  implemented  and  physical  activity,  light  exposure,  and  food  intake  were 
rigorously  controlled.  During  the  day  subjects  remained  under  dim  light  (£  100  lux)  while  during  the  night  (2000-0800 
hr)  subjects  remained  under  either  dim  (£  100  lux)  or  bright  light  (£  2,500  lux).  Half  the  subjects  in  each  lighting 
condition  received  either  placebo  (sugar  pill)  or  200  mg  of  caffeine  with  water  and  food  at  2000  and  0200h  both  nights. 
Caffeine  and  placebo  were  administered  in  a  double  blind  manor,  in  sum,  four  treatment  conditions  were  tested.  Dim 
light-Placcbo  (dip);  Dim  light-Caffeine  (die);  Bright  light-PUcebo  (blp);  Bright  light-Caffeine  (bic).  Aliquots  of  food 
and  beverages  were  given  every  three  hr.  Salivary  melatonin  (R1A;  Elias  USA,  Osceola,  WI)  was  sampled  every  60  min 
at  night,  while  tympanic  temperature  was  recorded  every  60  min  during  the  day  and  every  30  rain  at  night  Rgauttli 
Both  caffeine  administration  and  bright  photic  stimulation  decreased  melatonin  synthesis  and  attenuated  the  nocturnal 
decrease  in  tympanic  temperature  across  time,  in  general,  bright  light  tended  to  decrease  melatonin  relative  to  dim  light 
and  caffeine  tended  to  decrease  melatonin  relative  to  placebo.  However,  the  combined  bright  light-caffeine  condition 
showed  the  largest  effects  on  suppressing  melatonin  and  attenuating  the  drop  in  nighttime  temperature,  i.e.,  melatonin 
was  lowest  and  temperature  highest  for  the  combined  condition.  These  effects  were  observed  on  both  nights  across  a  48 


hr  period.  The  accompanying  figures  depict  the  change  in  temperature  (Figure  1)  and  melatonin  (Figure  2)  for  the 
different  treatment  conditions  for  Night  1 .  Both  caffeine  and  bright  light  appear  to  delay  the  melatonin  rhythm  and 
maintain  temperature  at  higher  levels  compared  to  dim  light-placebo  (with  the  exception  of  bright  light  having  little 
effect  on  temperature  on  Night  1  -  effects  were  observed  on  Night  2).  Significant  group  by  time  interactions  were 
observed  for  melatonin  (p  <.01 )  and  temperature  (p  <.0 1 )  data  on  both  nights.  PucM?|Qn-  A  number  of 
pharmacological  agents  affect  endogenous  melatonin  levels  (c.g.,  anti  psycho  tics,  anxiolytics,  hypnotics,  tryptophan, 
beta  blockers,  alcohol,  NS  AIDS).  The  present  results  extend  the  list  to  include  caffeine.  Caffeine  should  thus  be 
considered  a  masking  agent  affecting  both  temperature  and  melatonin  and  should  be  controlled  in  circadian  rhythm 
studies.  The  present  data  show  that  caffeine  has  an  immediate  effect  on  melatonin  and  temperature  but  whether  delayed 
circadian  effects  occur  can  not  be  determined  from  the  design  used.  The  finding  that  caffeine  effects  mghtume 
melatonin  and  temperature  has  implications  for  nighttime  performance,  phase  shifting  and  sleep. _ _ _ 
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THE  COMBINED  EFFECTS  OF  BRIGHT  LIGHT  AND  CAFFEINE  ON  NIGHTTIME 
ALERTNESS  AND  PERFORMANCE  DURING  TWO  NIGHTS  OF  SLEEP  DEPRIVATION 

Kenneth  P.  Wright  Jr„  Pietro  Badia,  Steven  Pie  niter,  Mkhefle  Boeeker,  A  Milton  Hike! 

Bowling  Green  Stale  University 

Maintaining  nighttime  alertness  and  high  levels  of  performance  are  vital  for  some  oco^oni j^ially  for 
individuals  wiring  out  of  phase  with  their  circadian  rhythms.  i.e„  working  when  they  normally  woufo  be 
Among  others,  the  latter  would  include  airline  pilots,  truck  drivers,  military  o^ons  pe^nneh  wwkas mb 1  ““ 
^plants,  air  traffic  controllers  and  shift  workers  in  general.  Both  caffeine1  J  and  bnghtUght  K ,pe«r  m  be  eftoive 
treatments  for  combating  degradations  in  alertness  and  performance;  especially  during  y  nK)rn'^  , 

efficacy  of  the  two  treatments  in  mamtammg  or  enhancing  riertness  during  the  mghmtne  hours  has  noU»en  camped. 
Thepresent  study  does  this  using  treatment  levels  previously  shown  to  be  'SccavzAn  addition,  we  *»«*dvdwher 
the  SLd  use  of  caffeine  and  bnght  light  had  a  greater  effect  on  alertness  and  performance  than  «*“**““* 
alone.  SahitttS.Twenty-eight  nude  college  students  (Mean  age  19.33  yr)  were  tested  Participants 
2000  taandsfopt  from  0030  to  1030  hr  prior  to  beginning  a  48-h  period  of  sleep  depn  vanon-J^i^mthis  pmod,  a 
modified  constant  routine  procedure  was  implemented  and  physical  activity,  light  tx^otwt^djood  mtakewere 
SZSrL  During  the  day  Objects  remained  under  dim  light  (S  100  lux)  while  at  night  (200W3800 
remained  under  either  dim  (S  100  lux)  or  bright  light  (J>  2400  lux).  Half  the 

either  placebo  (sugar  pifi)  or  200  mg  of  caffeine  wtth  water  and  food  at  2000  and  020«i  bofo  nights.  Caffeine  and 

piacebowere  administered  in  a  double  blind  manor.  In  sum,  four  treatment  conditions  were  tested:  Dim 
(dip);  Dim  iigbt-Caffeine  (die);  Bright  light-Placebo  (blp);  Bright  light-Caffeine  (blc). 

of  iks  developed  by  our  laboratory  and  by  others4'5  and  also  those  found  on  the  Walter  Reed  PAB  and  W-PAB^ 
used.  A  Mamtenance  of  Wakefulness  Test  (MWT)  was  also  administered  to  test  for  alertness  level.  Pnor  to  testing, 
subjects  had  sufficient  exposure  to  tasks  in  order  to  minimize  practice  effects.  Performance  and  alertness  were  assessed 
every  three  hours  from  2000  to  0800  hr  each  night.  Rtltttn  Caffeine  ingesuoo  appears  more  effective  in  enhancing 
nighttime  alertness  and  performance  than  exposure  to  bnght  photic  stimulation.  In  general,  bnght  hght  tcnd^to 
increase  performance  on  some  tasks  reUtive  to  dim  light  (see  also*  )whe«s  caffeine  increased  alermess (MWT) od 
performance  relative  to  no  caffeine  on  most  tasks.  Bright  tight  did  not  enhance  alertness  relative  to  dun  tight.  However, 
the  combined  bright  light-caffeine  condition  showed  the  largest  enhancing  effects  on  the  alertness  and 
measures.  In  fact  for  every  task,  the  bright-light  caffeine  combination  produced  the  best  performance.  These  eflects 
..  i  npxt  in  a  similar  manor  on  both  nights.  Significant  group  by  time  inter  actions  for  throughput  measures  were 
,,  *  •* ***•'  laa.aa  ••  wikni*n  Parformtne# 


mm  atae  mm 
■*8«1  tw. 


observed  for  a  number  of  tasks  across  the  mght  (e.g..  Switching  Task,  Ruction  Time-Time  Uncertainly  BloetEkial 
Task,  Wilkinson  Four  Choice  Reaction  Time;  all  p  <0l).  The  accompanying  figures  clep»a  exampl«  of  alertne* 
(Figure  1 -Nights  1A  2)  Mid  performance  (Figure  2-Night  1)  for  the  different  tre*mern  conditions.  Diifluiiai.  Caffime 
^vw^  two  moderate  dosesat  2000  ^  0200b  wm  able  to  enh^  alertness  a* 

deep  deprivation.  This  finding  is  contrary  to  previous  reports  suggesting  that  caffeine  has  tittle  effect  oo  P®*™*“*_ 
on  Ni*bt2  of  sleep  deprivation’. The  difference  among  the  studies  could  be  due  to  the  timing  of ^aoe  admmistranon. 

In  the  present  study  caffeine  was  administered  at  times  which  were  thought  optimally  to  affect  body  tempaaMe 

part  caffeine’s  ability  to  enhance  nighttime  alertness  and  performance  maybe  ***  “®**foetS 
on  melatonin  and  temperature1.  The  finding  that  the  combination  of  bright  tight  and  caffeine  pnxfo^  the  largest 
effects  in  <^>mnoing  nighttime  alertness  and  pcifotmance  suggests  the  treatments  have  ve  e _ 

‘  ve*  i.  a  e.  Etta  i’SSTJTSI  jULiaa  IT %■*•*.«* i»i 
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Figure  Captions 


Figure  1.  Melatonin  change  (pg/mL)  as  a  function  of  clock  time  (hr)  for  Night  1 .  The 
BLN1/BLN2  group  is  represented  by  the  light  line  with  circles,  the  BLN1/DLN2  group  is 
represented  by  the  dashed  line  with  triangles,  and  the  DLN1/DLN2  group  is  represented  by  the 
heavy  line  with  squares.  The  BLN1/DLN2  group  differs  from  the  DLN1/DLN2  group  (p  <  .05), 
the  BLN1/BLN2  group  differs  from  the  DLN1/DLN2  group  (p  <  .05),  but  the  BLN1/DLN2 
group  does  not  differ  from  the  BLN1/BLN2  group  (p  >  .05). 

Figure  2.  Temperature  change  (°C)  as  a  function  of  clock  time  (hr)  for  Night  1 .  The 
BLN1/BLN2  group  is  represented  by  the  light  line  with  circles.  The  BLN1/DLN2  group  is 
represented  by  the  dashed  line  with  triangles  and  the  DLN1/DLN2  group  is  represented  by  the 
heavy  line  with  squares.  The  BLN1/DLN2  group  differs  from  the  DLN1/DLN2  group  (p  <  .05), 
the  BLN1/BLN2  group  differs  from  DLN1/DLN2  group  (p  <  .05),  but  the  BLN1/DLN2  group 
does  not  differ  from  BLN1/BLN2  group  (p  >  .05). 

Figure  3.  Melatonin  change  (pg/mL)  as  a  function  of  clock  time  (hr)  for  Night  2  The 
BLN1/BLN2  group  is  represented  by  the  light  line  with  circles  and  the  DLN1/DLN2  group  is 
represented  by  the  heavy  line  with  squares.  Asterisks  indicate  the  clock  times  at  which 
significant  differences  (p  <  .05)  between  the  two  groups  were  obtained. 

Figure  4.  Temperature  change  (°C)  as  a  function  of  clock  time  (hr)  for  Night  2  The 
BLN1/BLN2  group  is  represented  by  the  light  line  with  circles  and  the  DLN1/DLN2  group  is 
represented  by  the  heavy  line  with  squares.  Asterisks  indicate  the  clock  times  at  which 
significant  differences  (p  <  .05)  between  the  two  groups  were  obtained. 

Figure  5.  Top:  Melatonin  change  (pg/mL)  as  a  function  of  clock  time  (hr)  tor  Night  1 .  The 
placebo  group  is  represented  by  a  dotted  line  with  triangles,  the  bright  light  group  is  represented 
by  a  dashed  line  with  circles,  and  the  NSAID  group  is  represented  by  a  solid  line  with  squares. 
=  indicates  the  clock  times  at  which  significant  differences  (p  <  .05)  between  the  NSAID  and 
placebo  groups  were  obtained,  +  indicates  the  clock  times  at  which  significant  differences  (p  < 
.05)  between  the  bright  light  and  placebo  groups  were  obtained,  and  *  indicates  the  clock  times 
at  which  significant  differences  fp  <  .05)  between  the  NSAID  and  bright  light  groups  were 
obtained.  Bottom:  Melatonin  change  (pg/mL)  as  a  function  of  clock  time  (hr)  tor  Night  2 
plotted  in  a  similar  manner  as  Night  1 . 

Figure  6.  Top:  Temperature  change  (C)  as  a  function  of  clock  time  (hr)  for  Night  1 .  The 
placebo  group  is  represented  by  a  dotted  line  with  triangles,  the  bright  light  group  is  represente 
bv  a  dashed  line  with  circles,  and  the  NSAID  group  is  represented  by  a  solid  line  with  squares.  + 
indicates  the  clock  times  at  which  significant  differences  (p  <  .05)  between  the  bright  light  and 
placebo  groups  were  obtained  and  *  indicates  the  clock  times  at  which  significant  differences  (p 
<  .05)  between  the  NSAID  and  bright  light  groups  were  obtained.  Bottom:  Temperature  change 
(C)  as  a  function  of  clock  time  (hr)  for  Night  2  plotted  in  a  similar  manner  as  Night  1. 
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Figure  7.  Melatonin  change  (pg/mL)  as  a  function  of  clock  time  (hr)  for  Night  2.  The 
BLN1/BLN2  group  is  represented  by  the  light  line  with  circles.  The  BLN1/DLN2  group  is 
represented  by  the  dashed  line  with  triangles  and  the  DLN1/DLN2  group  is  represented  by  the 
heavy  line  with  squares.  The  BLN1/DLN2  group  does  not  differ  from  the  DLN1/DLN2  group 
(2  >  *05),  the  BLN1/DLN2  group  does  not  differ  from  the  BLN1/BLN2  group  (£  >  .05),  but.  the 
BLN1/BLN2  group  differs  from  the  DLN1/DLN2  group  (e  <  05). 

Figure  8.  Temperature  change  (°C)  as  a  function  of  clock  time  (hr)  for  Night  2.  The 
BLN1/BLN2  group  is  represented  by  the  light  line  with  circles,  the  BLN1/DLN2  group  is 
represented  by  the  dashed  line  with  triangles,  and  the  DLN1/DLN2  group  is  represented  by  the 
heavy  line  with  squares.  The  BLN1/DLN2  group  differs  from  the  DLN1/DLN2  group  (e  <  05), 
the  BLN1/BLN2  group  differs  from  the  DLN1/DLN2  group  (e  <  05),  but  the  BLN1/DLN2 
group  does  not  differ  from  BLN1/BLN2  (e  >  05). 

Figure  9.  Twelve  hour  salivary  melatonin  levels  (Log  [x-*- 1  ])  for  dim-light  placebo  (DLP),  dim- 
light  caffeine  (DLC),  bright-light  placebo  (BLP) and  bright-light  caffeine  (BLC)  on  both  nights 
of  sleep  deprivation.  Melatonin  levels  are  lower  under  caffeine  and  bright  light  treatments 
compared  to  dim-light  placebo.  The  combined  treatment  of  bright  light  and  caffeine  resulted  in 
the  lowest  melatonin  levels  both  nights. 

Figure  10.  Twelve  hour  tympanic  temperature  data  (difference  from  2000  hr  baseline)  for  dim- 
light  placebo  (DLP),  dim-light  caffeine  (DLC),  bright-light  placebo  (BLP)  and  bright-light 
caffeine  (BLC)  on  both  nights  of  sleep  deprivation.  Tympanic  temperature  is  higher  under 
caffeine  and  bright  light  treatments  compared  to  dim-light  placebo.  The  combined  treatment  of 
bright  light  and  caffeine  resulted  in  the  highest  temperature  levels  both  nights. 

Figure  1 1.  Forty-eight  hour  tympanic  temperature  data  for  dim-light  placebo,  dim-light  caffeine, 
bright-light  placebo  and  bright-light  caffeine  conditions  during  sleep  deprivation.  Placebo 
conditions  exhibit  a  typical  circadian  rhythm  in  temperature.  The  dim-light  caffeine  condition 
appears  to  attenuate  the  circadian  rhythm  in  temperature,  especially  on  night  1 .  The  combined 
treatment  of  bright-light  and  caffeine  produced  high  temperature  levels  across  the  entire 
deprivation  period. 

Figure  12.  A  comparison  of  the  inverse  relationship  between  melatonin  and  temperature  for  dim- 
light  placebo,  bright-light  placebo,  dim-light  caffeine  and  bright-light  caffeine  conditions  during 
two  nights  of  sleep  deprivation.  The  relationship  between  melatonin  and  temperature  is  robust  in 
all  conditions  albeit  reduced  by  the  caffeine  treatments. 

Figure  13.  Latency  to  sleep  on  the  Maintenance  of  Wakefulness  Test  during  sleep  deprivation 
every  three  hours  nightly  and  once  during  the  daytime.  Caffeine  treatments  maintained  higher 
levels  of  alertness  compared  to  placebo  treatments. 
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Figure  14,  Subjective  sleepiness  on  the  Stanford  Sleepiness  Scale  immediately  prior  to  sleep 
deprivation  (P  -  1 700  h>  and  every  three  hours  nightly  during  sleep  deprivation.  The  higher  the 
score  indicates  higher  sleepiness.  Dim-light  caffeine  (DLC)  on  night  1  and  bright-light  placebo 
(BLP)  on  night  2  reduced  subjective  sleepiness  relative  to  dim-light  placebo  (DLP).  The 
combined  treatment  of  bright  light  and  caffeine  (BLC)  produced  high  subjective  alertness  across 
the  entire  sleep  deprivation  period. 

Figures  15-17.  Performance  on  tasks  with  a  memory  component  during  the  last  practice  trial  prior 
to  sleep  deprivation  (P  -  1700  h)  and  every  three  hours  nightly  during  two  nights  of  sleep 
deprivation.  Caffeine  treatments  (DLC  and  BLC)  showed  better  performance  compared  to  dim- 
light  placebo  (DLP)  most  of  the  time.  The  combined  treatment  of  bright  light  and  caffeine 
showed  the  best  overall  performance.  The  bright  light  placebo  treatment  improved  performance 
for  few  tasks  with  a  memory  component. 

Figure  18.  Performance  on  tasks  without  a  memory  component  during  the  last  practice  trial  prior 
to  sleep  deprivation  (P  -  1700  h)  and  every  three  hours  nightly  during  two  nights  of  sleep 
deprivation.  Caffeine  and  bright  light  treatments  (DLC.  BLP  and  BLC)  showed  better 
performance  compared  to  dim-light  placebo  (DLP)  most  of  the  time.  The  combined  treatment  of 
bright  light  and  caffeine  showed  the  best  overall  performance. 

Figure  19.  Temperature  change  (°F)  as  a  function  of  Time  within  Block  (Min)  and  light  intensity 
(bright  light.  • — •,  >  2.500  lux;  dim  light,  —  ,  <  100  lux). 

Figure  20.  Melatonin  change  (pg/mL)  as  a  function  of  Time  within  Block  (Min)  and  light 
intensity  (bright  light,  • — •.  >  2.500  lux;  dim  light,  —  ,  <  100  lux). 

Figure  21.  Temperature  change  (°F)  as  a  function  of  Clock  Time  (hr)  and  light  intensity  (bright 
light.  BL,  >  2.000  lux  ;  dim  light.  DL.  <  50  lux  ). 

Figure  22.  Salivary  melatonin  (pg/mL)  as  a  function  of  Clock  Time  (hr)  and  Night  (Night  1,  Nl, 
o— o;  Night  2.  N2.  m-m\  Night  3.  N3.  a__a)  for  seven  individual  subjects. 

Figure  23.  Schematic  representation  of  experimental  protocols.  For  studies  in  which  only 
temperature  was  assessed,  drug  or  placebo  was  administered  at  1500  (daytime  study)  or  2300  hr 
(nighttime  studies),  and  tympanic  temperature  was  assessed  every  15  min  tor  2  hr.  For  studies  in 
which  both  temperature  and  melatonin  was  assessed,  drug  or  placebo  was  administered  at  2300 
hr.  tympanic  temperature  was  assessed  every  30  min,  and  saliva  samples  were  collected  every  60 
min. 


Figure  24.  Mean  body  temperature  change  scores  (+/-  SEM),  calculated  as  difference  from 
baseline  measurement  at  2300  hr  for  placebo  (o— o),  aspirin  (A  A),  and  ibuproten 
(•—•).  An  asterisk  (*)  denotes  that  both  aspirin  and  ibuprofen  were  significantly 
different  (p  <  .05)  from  placebo.  A  total  of  54  subjects  were  tested  on  one  occasion 
from  2300  to  0100  hr.  Each  subject  received  either  650  mg  aspirin.  400  mg  ibuproten. 
or  placebo. 
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Figure  25.  Mean  body  temperature  change  scores  (+/-  SEM).  calculated  as  difference  trom 
baseline  measurement  at  2300  hr  for  placebo  (o — o)  and  ibuprofen  (•—•).  .An  asterisk  (*) 
denotes  that  ibuprofen  was  significantly  different  (p  <  .05)  from  placebo.  A  total  ot  1 1  subjects 
were  tested  on  two  occasions  from  2300  to  0100  hr..  Each  subject  received  400  mg  ibuprofen  on 
one  occasion  and  placebo  on  another  (in  a  counterbalanced  order). 

Figure  26.  Mean  body  temperature  change  scores  (+/-  SEM),  calculated  as  difference  from 
baseline  measurement  at  1500  hr  for  placebo  (o — o)  and  ibuprofen  (•—•).  A  total  of  17  subjects 
were  tested  on  one  occasion  from  1500  to  1700  hr.  Each  subject  received  400  mg  ibuprofen  or 
placebo. 

Figure  27.  Mean  body  temperature  and  melatonin  change  scores  (+/-  SEM),  calculated 
as  difference  from  baseline  measurement  at  2300  hr  for  placebo  (o — o)  and  ibuprofen  (•  •).  A 
cross  (+)  denotes  that  body  temperature  in  the  ibuprofen  group  was  significantly  different  (p  < 
.05)  from  that  in  the  placebo  group.  An  asterisk  (*)  denotes  that  melatonin  in  the  ibuprofen  group 
was  significantly  different  (p  <  .05)  from  that  in  the  placebo  group.  A  total  of  10  subjects  were 
tested  on  two  occasions  from  2300  to  0300  hr.  Each  subject  received  400  or  650  mg  ibuprofen 
on  one  occasion  and  placebo  on  another  (in  a  counterbalanced  order). 

Figure  28.  Alpha  EEG:  Relative  spectral  power  as  a  function  of  Night.  Condition,  and  Time  of 
Night. 


Figure  29.  Theta  EEG:  Relative  spectral  power  as  a  function  of  Night.  Condition,  and  Time  of 
Night. 

Figure  30.  Maintenance  of  Wakefulness  Test:  Stage  2  latency  as  a  function  ot  Night.  Condition, 
and  Time  of  Night. 

Figure  31.  Stanford  Sleepiness  Scale:  Subjective  sleepiness  as  a  function  ot  Night.  Condition, 
and  Time  of  Night. 

Figure  32.  Continuous  Recognition  Task:  Throughput  as  a  function  of  Night.  Condition,  and 
Time  of  Night. 

Figure  33.  Dual  Task:  Number  of  control  losses  as  a  function  of  Night.  Condition,  and  Time  of 
Night. 

Figure  34.  Dual  Task:  Throughput  as  a  function  of  Night,  Condition,  and  Time  ot  Night. 

Figure  35.  Probed  Memory  Recall  Test:  Number  of  words  recalled  as  a  function  ot  Night, 
Condition,  and  Time  of  Night. 
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Figure  36.  Procedural  Memory  Task  (Basic):  Throughput  as  a  function  of  Night.  Condition,  and 
Time  of  Night. 

Figure  37.  Procedural  Memory  Task  (Coded):  Throughput  as  a  function  of  Night.  Condition, 
and  Time  of  Night. 

Figure  38.  Switching  Task  (Mannequin):  Throughput  as  a  function  of  Night.  Condition,  and 
Time  of  Night. 

Figure  39.  Switching  Task  (Processing):  Throughput  as  a  function  of  Night,  Condition,  and 
Time  of  Night. 

Figure  40,  Area  under  the  Curve  salivary  melatonin  levels  (Log  [x+1])  for  dim-light  placebo 
(DLP),  dim-light  caffeine  (DLC),  bright-light  placebo  (BLP)  and  bright-light  caffeine  (BLC)  on 
both  nights  of  sleep  deprivation.  Melatonin  levels  are  lower  under  caffeine  and  bright  light 
treatments  compared  to  dim-light  placebo.  The  combined  treatment  ot  bright  light  and  caffeine 
resulted  in  the  lowest  melatonin  levels  both  nights. 

Figure  41.  Average  tympanic  temperature  change  (difference  from  2000  hr  baseline)  for  dim- 
light  placebo  (DLP),  dim-light  caffeine  (DLC).  bright-light  placebo  (BLP)  and  bright-light 
caffeine  (BLC)  on  both  nights  of  sleep  deprivation.  Tympanic  temperature  is  higher  under 
caffeine  and  bright  light  treatments  compared  to  dim-light  placebo.  The  combined  treatment  of 
bright  light  and  caffeine  resulted  in  the  highest  temperature  levels  both  nights. 

Figure  42.  Spectral  EEG  data  for  Delta  and  Theta  absolute  power.  Little  systematic  effect  of  the 
treatments  is  observed. 

Figure  43.  Spectral  EEG  data  for  Alpha  and  Beta  absolute  power.  Little  systematic  effect  of  the 
treatments  is  observed. 
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Figure  32  Figure  33 

Continuous  Recognition  Task  Dual  Task 
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Figure  36  Figure  37 

Procedural  Memory  Task  (Basic)  Procedural  Memory  Task  (Coded) 
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Trends  noted  as  e  values  in  parentheses  Bars  denote  Standard  Error  of  the  Mean 
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-0.4  1 

■  =  Signinificant  difference  from  DLP  (g  <  .003) 

=  Significant  difference  between  DLC  and  BLP  (g  <  003) 

=  Significant  difference  between  BLC  &  DLC  or  BLC  and  BLP  (g  <  003) 

Trends  noted  as  g_values  in  parentheses  Bars  denote  Standard  Error  of  the  Mean 
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Figure  43 
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